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►  DGF  ...  As  of  September  1,  Mr.  Donald  G.  Fink, 
a  member  of  the  editorial  Staff  of  Electronics  since 
1934,  but  on  leave  of  absence  for  the  last  four  years, 
returns  to  the  staff  as  Executive  Editor.  A  graduate 
of  MIT,  Mr.  Fink  spent  a  year  in  graduate  study  before 
joining  Electronics.  While  Managing  Editor,  he  was 
"loaned”  in  May  1941  to  the  Radiation  Laboratory 
shortly  after  its  formation  and  was  assigned  to  a 
group  working  under  Melville  Eastham  (General  Radio 
Company)  which  developed  the  Loran  system  of  long- 
range  navigation  which  now  covers  most  of  the  globe 
with  electronic  lines  of  position  for  the  navigation  of 
ships  and  aircraft.  The  Loran  transmitters  now  in 
world-wide  use  are  based  on  his  designs. 

During  his  work  at  the  Radiation  Laboratory  he 
wrote  the  first  radar  textbook,  “Microwave  Radar”, 
for  use  of  the  laboratory  staff  and  military  personnel. 
Early  in  1943  he  was  appointed  head  of  the  Loran  divi¬ 
sion  of  the  Laboratory  and  later  went  to  England  and 
to  Africa  to  initiate  the  installation  of  Loran  equip¬ 
ment  for  the  guidance  of  bombers  over  Germany.  After 
the  conclusion  of  this  work  he  transferred  to  the 
office  of  Dr.  E.  L.  Bowles  in  Washington  where,  as 
Expert  Consultant  in  the  Office  of  the  Secretary  of 
War,  he  advised  the  Army  Air  Forces  concerning  the 
use  of  Loran  and  related  navigational  devices.  In  the 
winter  of  1943-44  he  traveled  the  Pacific  as  far  as 
Western  Australia  exploring  for  sites  for  the  Loran 
stations  in  that  part  of  the  world.  In  his  air  travels 
from  Darwin  to  Cairo  he  has  covered  some  75,000 
miles, ' 

With  Loran  well  under  way,  Mr.  Fink  was  assigned 
by  Dr.  Bowles  to  the  headquarters  of  the  Ground 
Forces  to  advise  on  the  use  of  radar  for  ground  force 
application,  particularly  gunfire  control  and  the  de¬ 
tection  of  ground  targets  by  radar.  At  the  same  time 
be  was  appointed  a  member  of  the  Committee  on  Air 
Navigation  and  Traffic  Control,  a  group  of  civilian 
consultants  who  have  been  advising  General  Arnold  on 
the  long-term  uses  of  radar  and  communication  to  the 
Army  Air  Forces. 

Mr.  Fink  will  retain  his  membership  on  this  impor¬ 


tant  committee.  As  Executive  Editor  he  will  share 
with  Keith  Henney  the  responsibility  for  the  editorial 
direction'  of  ELECTRONICS  and,  of  course,  will  maintain 
and  extend  his  acquaintance  with  the  industry.  At  the 
same  time  he  will  continue  to  serve  the  Government 
in  ways  which  his  four  years  “on  leave”  have  so  par¬ 
ticularly  fitted  him. 

►  PATENTS  .  .  .  An  agenda  listing  the  topics  under 
study  by  President  Truman’s  committee  on  the  patent 
system  has  been  made  public  by  William  H.  Davis, 
Director  of  Economic  Stabilization,  and  chairman  of 
the  committee.  The  committee  set  up  by  Secretary 
Wallace  is  made  up  of  Mr.  Davis,  Tom  C.  Clark, 
Attorney  General,  Dr.  Vannevar  Bush  of  OSRD  and 
C.  F.  Kettering,  Chairman  of  the  National  Patent 
Planning  Commission. 

The  subjects  for  consideration  by  the  committee 
fall  into  four  groups: 

1.  What  action  should  be  taken  to  prevent  the 
issue  of  patents  that  are  not  for  true  inventions. 

2.  What  action  should  be  taken  to  make  patent 
protection  for  true  inventions  more  simple  and 
effective. 

3.  What  action  should  be  taken  to  prevent  abuse 
of  patent  rights. 

4.  A  re-examination  of  the  scope  of  the  patent 
system  in  the  light  of  the  constitutional  objective 
to  promote  the  progress  of  science  and  useful  arts. 

In  making  public  the  agenda,  the  Committee  hopes 
that  interested  persons  will  express  their  views  on 
the  subjects  to  be  examined  and  that  these  persons 
will  communicate  their  views  to  the  Secretary  of 
Commerce. 

►  RATS  .  .  .  The  story  of  the  pied  piper  of  Hamlin, 
who  got  rid  of  rats  by  tootling  on  a  flute,  seems  to  have 
a  modern  counterpart  in  a  Spokane  electronics  engi¬ 
neer.  He  is  about  to  rid  the  county  courthouse  of 
pigeons  by  use  of  a  supersonic  whistle  which,  though 
“four  times  too  high  to  be  detected  by  human  ears  is 
extremely  irritating  to  pigeons.” 


RADAR 


Meanwhile  this  report  on  the  uses 
of  radar  in  war  is  presented. 

Radar  got  its  start,  both  here 
and  abroad,  as  a  device  to  detect 
the  approach  of  enemy  aircraft. 
The  first  radars  used  operationally 
were  the  CH  (chain  home)  stations 
along  the  English  channel  coast 
(see  Fig.  1),  which  went  into  regu¬ 
lar  operation  in  1938.  These  low- 
frequency  (about  25  me)  units 
were  successful  in  detecting  enemy 
bombers  forming  over  airfields  in 
France  and  in  tracking  them  in 
over  the  coast.  Meanwhile,  fighters 
and  fighter-control  radar  stations 


were  alerted  to  meet  them.  Sim¬ 
ilarly,  one  of  the  first  American 
radars  was  the  SCR-270,  operating 
on  approximately  110  me,  which 
detected  unidentified  aircraft  ap¬ 
proaching  Pearl  Harbor  on  Decem¬ 
ber  7,  1941  at  a  distance  of  132 
miles. 

As  the  war  progressed  the  need 
for  early  warning  continued  una¬ 
bated  and  newer  equipments,  work¬ 
ing  on  higher  frequencies,  were 
produced.  The  size  was  reduced  so 
that  the  entire  gear  could  be  car¬ 
ried  by  men  storming  a  beachhead 
(Fig.  2).  As  a  result  of  wide- 


FIG.  1 — The  radiertor  of  this  British  CH 
early  warning  station  is  of  the  mat¬ 
tress-type,  supported  on  360-foot  steel 
towers.  Since  1938  these  ponderous 
stations  hore  guorded  the  English 
coast  against  inTading  aircraft 

IT  IS  BY  NOW  no  secret  to  the 
readers  of  Electronics  that 
radar  contributed  more  toward 
winning  the  war  than  any  other 
technical  device  of  recent  advent, 
save  only  the  atomic  bomb.  The 
head  of  our  largest  radar  labora¬ 
tory  has  drawn  a  nice  comparison 
in  saying:  “The  atomic  bomb  fin¬ 
ished  the  war.  Radar  fought  it.”  ' 
Nor  are  the  uses  of  radar  in  war¬ 
fare  any  longer  a  mystery ;  the 
popular  press  has  seen  to  it  that 
everyone  who  can  read  knows  about 
radar  blind  bombing,  radar  gunfire 
control,  radar  warning  of  approach¬ 
ing  aircraft.  To  this  great  story 
there  is  little,  in  broad  outline,  that 
the  editors  can  add. 

But  much  remains  to  be  added  in 
filling  in  the  essential  technical 
background.  With  the  lifting  of 
censorship  a  steady  stream  of  such 
technical  material  will  now  be 
forthcoming  in  these  pages,  includ¬ 
ing  discussion  of  basic  factors  un¬ 
derlying  operation  and  design, 
descriptions  of  radar  gear,  and 
analysis  of  circuits  and  components 
in  the  light  of  future  applications. 
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FIG.  2 — British  LW  (light  warning)  radar,  similar  to  the  American  SCR-602. 

It  serves  the  same  purpose  as  the  CH  station  but  is  man-portable.  Four  Yagi 
antennas  are  used,  each  consisting  of  a  reflector,  a  folded  dipole,  and  four 
directors.  It  can  be  set  up  and  operating  two  hours  after  arrival  at  the  sit* 
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WARFARE 


The  technical  factors  behind  the  uses  of  radar  for  warning  and  surveillance  of  enemy 
activity;  to  control  guns,  searchlights  and  bombs;  for  navigation  of  ships  and  aircraft 


spread  installation  of  this  warn¬ 
ing  gear,  virtually  all  ships  and 
aircraft  which  approached  the 
shores  of  Great  Britain,  Africa  and 
the  Continent,  America  and  the  out¬ 
posts  of  the  Pacific  war,  were 
tracked  by  radar. 

Technically,  the  problem  of  early 
warning  by  radar  resolves  itself 
into  certain  definite  requirements. 
First,  since  it  is  necessary  to  de¬ 
tect  the  oncoming  aircraft  at  the 
greatest  possible  distance,  the 
power  of  the  transmitters  and  the 
sensitivity  of  the  receivers  must  be 
the  highest  obtainable.  By  high 
power  is  meant  not  only  high  peak 
power  in  the  transmitted  pulses, 
but  also  high  energy  in  each  pulse. 
This  is  achieved  by  using  pulses 
of  considerable  length,  as  long  as 
20  or  30  microseconds  in  some 
cases.  Such  long  pulses  have  the 
disadvantage  of  blocking  the  re¬ 
ceiving  system  for  a  correspond¬ 
ingly  long  time,  so  that  very  nearby 
targets,  within  a  few  miles,  are  not 
detectable.  But  since  the  purpose 
was  long-range  detection  this  was 
not  considered  an  objection. 

A  second  requirement  for  early 
warning  by  radar  is  widespread 
coverage  of  the  area  from  which 
airplanes  might  come.  Such  cover¬ 
age  is  obtained  either  by  use  of  a 
wide  beam,  moved  slowly  over 
the  suspected  area,  or  a  narrow 
beam  moved  correspondingly  faster. 
Beams  as  wide  as  30  degrees  were 
used  at  first.  But  in  the  interest 
of  increasing  the  power  density 
within  the  beam,  narrower  beams, 
involving  higher  frequency  radia¬ 
tion,  were  introduced. 

Finally,  and  most  important,  is 
the  requirement  of  complete  cov¬ 
erage,  without  gaps  through  which 
the  enemy  can  sneak  undetected. 
The  cause  of  such  gaps  is  the  pres¬ 
ence  of  reflections  from  the  ground 


riG.  3 — The  plotting  board  of  the  let  Island  Command  in  Noumea.  Here 
position  reports  of  (drerait  detected  by  many  scattered  radars  are  coordinated 
and  the  progress  of  unidentified  units  followed  by  moTing  the  rod-like  structures, 
each  one  of  which  represents  an  edreraft 


FIG.  4 — A  microwore  search  and  warning  radar  on  a  PT  boot.  The  dome 
structure  houses  the  reToWing  parabolic  reflector,  or  dish.  Such  radars  were 
useful  not  only  to  worn  of  nearby  air  and  surface  units,  but  permitted  occurote 
noTigotion  among  blacked-out  ships  and  inside  enemy  harbors 
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or  the  surface  of  the  sea.  The  re¬ 
flected  rays,  combining  with  the  di¬ 
rect  rays,  produce  a  many-lobed 
coverage  diagram,  the  gaps  in 
which  constituted  a  serious  short¬ 
coming  of  the  early  equipment. 
The  most  serious  gap  was  that 
existing  close  to  the  ground;  to 
take  advantage  of  this,  both  Ger¬ 
mans  and  Japanese  soon  learned  to 
approach  less  than  100  feet  above 
the  terrain.  The  solution  was, 
again,  in  the  use  of  higher  fre¬ 
quencies  and  narrower  beams.  The 
high  frequency  increases  the  num¬ 
ber  of  lobes  and  so  narrows  the 
gaps  between  them.  Moreover,  the 
narrower  beams  of  the  high  fre¬ 
quency  gear  reduce  the  amount  of 
signal  transmitted  toward  the 
ground,  so  the  effect  of  reflections 
was  cut  down  or  eliminated  en¬ 
tirely. 

The  detection  of  the  enemy  is  of 
little  value  unless  something  can 
be  done  about  it.  The  first  step 
is  to  collect  target  information 
from  a  number  of  radar  stations 
which  report  into  a  central  plot¬ 
ting  room  (Fig.  3),  where  tracks 
of  all  targets  are  kept.  The  tele¬ 
phonic  communication  required  for 


GCI  and  Ai — Partners  of  Early  WarniRg 

This  technique  was  outstandingly 
successful  during  the  German  day¬ 
light  attacks ;  in  one  day  185  bomb¬ 
ers  out  of  500  attacking  were 
destroyed,  largely  through  radar 
detection  of  enemy  planes  and  guid¬ 
ance  of  our  pilots. 

Success  in  this  technique  re¬ 
quires  fairly  accurate  knowledge  of 
the  height  of  both  defending  and 
attacking  aircraft,  information  not 
supplied  by  the  early-warning 
radars.  Several  height-finding 
methods  were  developed,  the  most 
elementary  depending  simply  on 
the  strength  of  the  radar  echo  ob¬ 
served  at  a  given  range  (that  is,  by 
a  calibration  of  the  contour  of  the 
beam).  A  more  elaborate  method 
used  a  narrow  beam  radiator  which 
could  be  swung  upward  and  thus 
measured  the  elevation  angle,  as 
well  as  the  range,  of  the  target.  A 


FIG.  6 — Radar  map  (leit),  ol  Nantucket  Island  photographed  from  the  PPI 
indicator  of  an  airborne  radar.  The  bright  spot  at  the  center  indicates  the 
position  of  the  aircraft.  The  circle  is  a  distance  calibration,  produced  by  the 
range  circuit  of  the  radar  to  indicate  the  distance  scale.  At  the  right,  for 
comparison,  is  a  map  of  the  island 


FIG.  5 — British  Type  16  GCI  radar,  used  for  the  control  of  aircraft  in  offensiTe 
operations.  The  parabolic  reflector  is  composed  of  a  wire  mesh,  the  holes 
in  which  ore  considerable  smaller  than  a  wavelength  and  hence  essentially 
opaque  to  the  rodiated  signol 


such  activities  is  complex,  and  it 
must  be  surefire.  The  same  func¬ 
tion  is  carried  out  aboard  ship,  in 
the  Combat  Information  Center, 
a  plotting  room  which  receives  tar¬ 
get  data  from  all  radars  aboard 
and  even  from  radars  of  nearby 
fleet  units.  Even  FT  boats  (Fig. 
4),  carried  warning  radar. 

Since  the  best  way  to  attack  an 
airplane  is  to  go  after  it  in  another 


airplane,  it  was  natural  that  the 
next  extension  of  early  warning 
radar  should  be  control  of  fighters 
and  fighter-bombers.  The  tech¬ 
nique,  developed  in  England  in 
1940-41,  is  known  as  GCI  (Ground 
Control  of  Interception)  and  AI 
(Airborne  Interception).  In  GCI, 
the  radar  operator  on  the  ground 
observes  echoes  from  the  enemy  air¬ 
craft  and  the  opposing  fighter,  on 
the  same  indicator  screen.  Instruc¬ 
tions  are  radioed  to  the  fighter  pilot 
to  indicate  the  height  and  direction 
of  the  enemy  aircraft.  As  the 
fighter  closes  in,  he  is  controlled 
until  he  reports  visual  contact  and 
begins  the  attack. 
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FIG.  7 — Radar  shadow  picture.  As  a 
friendly  bomber  flew  underneath  an 
diborne  radar,  it  intercepted  the  radar 
lignol  and  thereby  cast  its  shadow  on 
the  ground 

typical  GCI  station  (of  a  type  used 
largely  for  offensive  operations  late 
in  the  war)  is  shown  in  Fig.  5. 

When  the  Germans,  balked  dur¬ 
ing  daylight,  switched  to  night 
operations,  visual  contact  was  less 
easy  to  achieve.  So  GCI  was  sup¬ 
plemented  by  airborne  radar  which 
would  permit  the  fighter  to  see  the 
enemy  aircraft  regardless  of  visi 
bility  conditions.  Here  the  techni¬ 
cal  obstacles  were  formidable.  Total 
equipment  weight  had  to  be  re¬ 
duced  to  a  few  hundred  pounds  at 
most,  and  the  radiator  size  was  so 
limited  that  a  narrow  beam  (nec¬ 
essary  for  precise  determination  of 
the  enemy  aircraft’s  position) 
could  hardly  be  achieved  with  the 
low  frequencies  feasible  for  ground 
applications. 

The  need  for  better  AI  gear  gave 
powerful  impetus  to  the  develop¬ 
ment  of  microwave  radar.  In  1940, 
a  practical  source  of  high-power 
pulses  at  frequencies  of  the  order 
of  3000  me  was  developed  at  the 
University  of  Birmingham.  This 
was  the  cavity  magnetron,  the  de¬ 
tails  of  which  are  still  under  wraps 
at  the  time  of  writing.  But  it  can  be 
said  that  this  device  is  one  of  the 
basic  inventions  of  the  radio  art, 
an  improvement  in  principle  as  well 
as  in  degree  over  all  previous  forms 
of  magnetron.  The  magnetron  was 
brought  to  America  in  August  of 
that  year  and  copies  hastily  pro- 
<luced  by  the  Bell  Telephone  Lab¬ 
oratories. 

On  this  basic  item  was  founded 
the  research  program  of  the  Radia¬ 


tion  Laboratory  at  M.I.T.,  which 
has  since  been  the  principal  source 
of  microwave  radar  development. 
This  Laboratory,  now  so  well- 
known  to  the  electronics  industry, 
started  with  less  than  50  people 
and  grew  to  over  3800  by  the  end 
of  the  war.  Radiation  Laboratory 
solved  the  A I  problem  and  went  on 
to  other,  even  more  important  ap¬ 
plications  of  microwaves. 

The  microwave  technique,  devel- 


vention  made  its  appearance.  This 
is  the  Plan  Position  Indicator 
(PPI)  which  makes  it  possible  to 
view  many  targets  simultaneously. 
In  the  PPI,  the  cathode  ray  spot 
starts  its  motion  from  the  center 
of  the  screen,  and  moves  outward 
at  constant  speed  in  the  radial  di¬ 
rection.  The  direction  of  the  radial 
deflection  is  tied  in  with  the  direc¬ 
tion  of  the  radiated  beam,  and  the 
distance  from  the  center  of  the 
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FIG.  8 — The  area  around  Vienna,  at  it  appears  on  the  scope  oi  a  radar  bomb- 
sight.  Extensive  troining.  including  comparison  with  reconnaisance  photo¬ 
graphs,  is  necessary  before  such  PPI  pictures  can  be  interpreted  with  sufficient 
accuracy  to  permit  blind  bombing  of  the  targets  indicated 


oped  to  solve  the  AI  problem, 
brought  with  it  the  need  for  all 
manner  of  r-f  components,  particu¬ 
larly  r-f  mixers,  duplex  switching 
gear  (t-r  box),  r-f  plumbing  of 
every  possible  description,  rotating 
joints  in  waveguides  and  coaxial 
lines,  new  forms  of  radiators  and 
reflectors,  in  fact  a  whole  new  art. 
The  success  of  the  effort  is  well 
known.  Basic  designs  of  microwave 
radar  for  the  Allies  originated  at 
Rad  Lab  and  were  put  into  produc¬ 
tion  by  the  electronics  industry  of 
America  to  the  value  of  well  over 
two  billion  dollars.  As  of  July  1st, 
1945,  the  U.  S.  Army  and  Navy 
alone,  not  counting  supplies  to  the 
British,  had  accepted  delivery  of 
2.7  billion  dollars  worth  of  radar, 
most  of  it  microwave,  and  nearly 
half  of  it  for  airborne  use. 

During  the  development  of  the 
GCI  technique,  another  basic  in¬ 


tube  is  proportional  to  the  time  in¬ 
terval  between  transmission  of  each 
pulse  and  the  reception  of  the  echo. 
As  the  beam  rotates  the  phosphor 
retains  the  image  for  as  long  as 
several  minutes.  The  PPI  thus 
paints  a  picture  on  the  cathode-ray 
screen  which  is  a  plan  view  of  the 
territory  surrounding  the  radar. 
The  bias  of  the  cathode-ray  tube 
is  normally  set  so  that  the  beam 
is  dark.  When  an  echo  is  received 
from  a  target,  the  spot  is  bright¬ 
ened  momentarily.  This  light  rep¬ 
resents  the  distance  and  direction 
of  the  target  relative  to  the  radar. 

PPI — Navigation  and  Bombing  by 
Terrain  Eeheos 

At  first  PPI  was  used  simply  to 
indicate  aircraft  targets.  But  it 
soon  became  evident  that  echoes 
from  the  features  of  the  surround¬ 
ing  terrain  would  give  rise  to  a 
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FIG.  9 — Radar  relief  mop.  obtained 
OTer  mountoinoui  territory  in  the  Aui-  ■ 
trian  Alpi.  This  PPI  picture  (top)  shows 
bright  surfaces  on  the  near  side  of  the 
mountoiiu,  dark  shadows  beyond.  The 
relief  mop  below  provides  a  comparison 

radar  map,  which  could  serve  as 
a  navigational  aid. 

Behind  the  PPI  picture  are  a 
number  of  interesting  technical  fac¬ 
tors.  First  it  must  be  realized  that 
the  map  is  a  true  representation 
of  the  earth’s  surface  only  when 
the  radar  is  situated  on  the  ground 
or  aboard  ship.  When  the  radar  is 
airborne,  the  distance  represented 
on  the  c-r  tube  is  the  so-called 
slant-range,  or  the  distance  from 
aircraft  to  target,  and  not  the  dis¬ 
tance  along  the  surface  of  the 
earth.  This  distortion  can  be  com¬ 
pensated,  of  course,  by  adjusting 
the  rate  of  radial  deflection  in  ac¬ 
cordance  with  the  height  of  the 
aircraft.  The  detail  visible  in  a 
PPI  map  is  determined  by  the  size 
of  the  radar  beam  relative  to  the 
terrain  features.  In  Fig.  6,  the 
radar  beam  was  narrow  enough  to 
resolve  clearly  many  of  the  smaller 
features  (note  the  lake  at  the 
right-hand  edge  of  the  island). 

The  echoes  which  go  to  make  up 
a  PPI  picture  are  in  themselves 
worthy  of  attention.  Radar  echoes 
arise  through  the  r-f  current  in¬ 
duced  in  the  target  as  the  outgoing 
radar  signal  passes  over  it.  But  the 
reflection  of  signals  is  by  no  means 
limited  to  metallic  targets.  When 


the  target  is  non-conducting  a  dis¬ 
placement  current,  similar  to  that 
in  the  dielectric  of  a  capacitor,  is 
induced  and  gives  rise  to  a  re-radi- 
ated  wave.  In  general,  the  echo  is 
produced  by  the  discontinuity  in 
the  electrical  properties  between 
the  target  and  its  surroundings, 
and  this  discontinuity  may  be  either 
in  the  electrical  conductivity  or  the 
dielectric  constant.  In  fact,  a  dis¬ 
continuity  in  magnetic  permeabil¬ 
ity  is  equally  effective,  but  the  mag¬ 
netic  property  is  usually  overshad¬ 
owed  by  the  conductivity  effect. 

It  is  clear,  then,  how  non-conduct¬ 
ing  sands  can  give  rise  to  echoes. 
But  it  is  not  so  clear  why  echoes 
from  land  should  be  stronger  (as 
their  relative  brightness  testifies) 


than  the  echoes  from  surrounding 
sea  water,  which  is  a  better  conduc¬ 
tor.  The  answer  is  found  in  the  fact 
that  the  surface  of  the  sea  is  much 
smoother,  electrically,  than  the  sur¬ 
face  of  the  land,  and  hence  the  land 
reflections  are  scattered  backwards 
to  the  radar.  The  sea  reflections 
are  stronger,  but  in  form  they 
closely  approximate  the  specular  re¬ 
flection  from  a  mirror  and  hence 
glance  off  at  an  angle,  away  from 
the  radar.  The  contrast  displayed 
by  terrain  echoes  depends  primar¬ 
ily  on  such  differences  in  the  scat¬ 
tering  properties  of  the  reflecting 
surface,  and  only  secondarily  on  the 
relative  conductivity  or  dielectric 


constant  of  the  material  in  it 
In  line  with  this  reasoning  the 
PPI  picture  shown  in  Fig.  7  is  of 
particular  interest.  This  picture 
was  widely  misinterpreted  in  the 
daily  press  as  a  radar  picture  of  a 
four-motored  bomber.  Actually  it 
is  the  radar  picture  of  the  shadow 
of  the  bomber  on  the  ground  be¬ 
neath.  The  direct  echo  from  the 
aircraft  itself  shows  up  as  a  bright 
spot  near  the  center  of  the  wing 
span.  The  aircraft  was  so  close  to 
the  radar  that  it  intercepted  a 
large  part  of  the  signal  and  thus 
cast  a  shadow  of  itself  on  the 
ground.  Outside  the  shadow,  echoes 
from  the  ground  formed  the  out¬ 
line  shown.  Such  pictures  are 
freaks,  of  course;  this  one  was  not 


understood  for  several  days  after  it 
was  first  photographed. 

Not  all  PPI  pictures  are  easy  to 
interpret.  An  important  applicn- 
tion,  radar  bombing,  requires  ex¬ 
tensive  experience  on  the  part  of 
the  operator.  An  example  of  the 
picture  presented  by  a  radar  bomb 
sight  is  shown  in  Fig.  8.  The  indi¬ 
vidual  targets  are  discernible,  but 
only  when  you  know  what  to  look 
for.  The  radar  contrast  is  not  great 
between  a  manufacturing  plant  as 
a  target  on  the  one  hand  and 
nearby  buildings  and  countryside 
on  the  other.  To  aid  in  identifyin? 
targets,  reconhaisance  runs  were 
often  made  and  the  PPI  pictures 


FIG.  10 — The  Navy's  type  SG  radar,  showing  (left  to  right)  A-scope.  relotive 
azimuth  indicator,  and  PPI-scope.  The  A-scope  resembles  an  ordinary  test 
oscilloscope,  indiccrting  the  relative  timing  of  the  transmitted  pulse  and  the 
succeeding  echoes.  It  is  used  for  tuning  to  peak  efficiency  and  to  measure 
accurately  the  range  of  particular  targets,  selected  from  the  PPI  at  the  right 
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rection  occupied  by  the  radiated 
beam  at  any  instant  during  its  ro¬ 
tation.  Next  is  the  relative  azimuth 
indicator  which  shows  the  axis  of 
the  ship  (note  figure  at  center  of 
dial)  with  respect  to  true  north  or 
some  other  reference  direction.  At 
the  right  is  the  PPI  indicator  which 
shows  the  plan  view  of  all  radar 
echoes  within  range,  oriented 
against  the  axis  of  the  ship. 

Gunfire  Control 

To  determine  the  position  of  an 
airplane  or  ship  accurately  enough 
to  control  gunfire  is  a  problem 
which  requires  for  solution  more 


photographed  for  comparison  with 
jerial  photographs  of  the  target 
jrea.  The  most  effective  use  of  the 
radar  bombsight  was  in  close  part- 
aership  with  the  optical  (Norden) 
bombsight.  The  bombardier  oper- 
ited  the  Norden  sight  in  the  con¬ 
ventional  manner,  setting  in  his 
corrections  for  drift,  etc  in  accord¬ 
ance  with  readings  given  by  the 
radar  operator.  Both  continued  to 
track  on  the  target,  and  the  final 
bomb  release  was  controlled  visually 
if  a  break  in  the  clouds  permitted. 
Otherwise  the  bombs  were  dropped 
on  the  basis  of  radar  indications 
fed  into  the  Norden  computer. 

Still  another  type  of  PPI  picture 
is  the  radar  relief  map,  an  example 
of  which  is  shown  in  Fig.  9.  This 
I  is  a  shadow  picture,  the  nearby 
I  sides  of  the  terrain  features  (in 
this  case  a  mountain  range)  show¬ 
ing  brightly  against  the  shadows  on 
the  far  side. 

The  PPI  picture  is  evidently  an 
excellent  device  for  navigation 
when  sharp  contrasts  are  available. 
Since  such  contrast  is  generally 
available  along  coastlines,  the  PPI 
is  especially  useful  for  the  naviga¬ 
tion  of  surface  craft.  One  of  the 
roost  widely  used  shipboard  radars 
is  shown  in  Fig.  10.  Three  indi¬ 
cators  are  shown.  At  the  left  is  the 
type-A  indicator,  a  c-r  tube  which 
displays  the  transmitted  echo  and 
I  the  echo  reflections  along  the  di¬ 


FIG.  11 — A  90-mm  AA  battery  protecting  the  invasion  coast  in  Southern 
France.  The  fire-control  radar,  barely  visible  at  the  right  (radiator  painted 
out  for  security  reasons),  aims  the  guns  automatically  with  the  aid  of  a  com¬ 
puter  which  introduces  the  necessary  lead.  This  combination  stopped  the 
buzz-bomb  attacks  on  England 


FIG.  12 — Mickey  Mouse,  or  SCR-547,  a  unit  made  to  replace  the  visual  range 
finder  in  A  A  gunfire.  This  10-cm  radar  can  measure  the  distance  to  aircraft 
at  a  distance  of  20  miles  and  with  an  accuracy  of  25  yards 


than  the  use  of  high  frequencies 
and  narrow  beams.  In  addition,  it 
is  necessary  to  refine  the  accuracy 
of  the  angular  indications  by  using 
lobe  switching  (see  “The  SCR-268 
Radar,”  Electronics,  September 
1945)  or  its  close  relative,  conical 
scanning.  Pending  release  of  de¬ 
tails  on  this  equipment,  it  may  only 
be  stated  that  such  methods  permit 
spotting  the  position  of  an  aircraft 
accurately  to  a  few  hundredths  of  a 
degree  in  elevation  and  azimuth. 
Precise  timing  circuits  determine 
the  range  to  an  accuracy  of  a  few 
tens  of  yards  in  range. 

Since  gunfire  at  high  speed  tar¬ 
gets  must  be  computed  to  lead  the 
target,  the  radar  data  is  fed  into  a 
gun-control  computer  which  con¬ 
trols  the  action  of  guns  automat¬ 
ically.  Figure  11  shows  a  90-mm 
anti-aircraft  battery  controlled  by 
the  SCR-584  radar,  one  of  the  out¬ 
standing  radar  sets  of  the  war.  An¬ 
other  gunfire  control  radar  on 
which  technical  details  are  avail¬ 
able  is  the  SCR-547,  shown  in  Fig. 
12.  This  device  possesses  separate 
antennas  for  transmitting  and  re¬ 
ceiving  and  indicates  only  the 
range  to  the  target.  The  frequency 
used  is  in  the  microwave  region, 
roughly  2800  me  (wavelength  10.7 
centimeters).  The  radar  is  put  on 
the  target  optically  and  indicates 
the  distance  to  the  target  within 
25  yards,  which  is  equivalent  to 
timing  the  echo  to  an  accuracy  of 
0.15  microsecond.  Details  of  the 
circuits  which  accomplish  this  re¬ 
markable  result  will  be  published  in 
an  early  issue. — D.G.F. 
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Fingertip  Control  FOR 


Installation  oi  formation  stick  in  B-17G  bomber.  Autopilot  release  switch  is 
clomped  on  o  spoke  oi  the  control  wheel.  IV2  inches  in  from  the  rim,  and  is 
pressed  in  cose  oi  autopilot  damage  by  enemy  fire,  to  restore  all  manual 

controls 


PILOT  fatigue  is  one  of  the  big 
problems  of  long-range  bomb¬ 
ing  missions.  Maneuvering  a  70- 
ton  airplane  full  of  bombs  and  gas¬ 
oline  for  long  hours,  holding  a  tight 
formation  through  flak  and  fighter 
opposition,  and  still  being  alert  for 
every  move  of  the  flight  leader 
through  the  bombing  run  and  all 
the  way  home  again  ...  all  this 
often  left  pilots  with  barely  enough 
strength  to  crawl  out  of  their  seats 
at  the  end  of  a  mission.  The 
Minneapolis-Honey  well  electronic 

automatic  pilot  was  used  for 
straight-and-level  flight,  but  for 
maneuvers  the  human  pilot  had  to 
operate  the  controls  manually.  Us¬ 
ually  the  combined  efforts  of  both 
pilot  and  copilot  were  required  to 
keep  a  plane  in  formation  when 
rough  weather  made  control  diffi¬ 
cult. 

The  answer  to  this  problem  has 
been  found  in  the  formation  stick, 
an  adjunct  to  the  automatic  pilot. 
It  provides  a  means  for  rapidly 
maneuvering  the  largest  bomber 
with  very  little  pilot  effort.  Oper¬ 
ated  in  a  similar  manner  to  the 
joy-stick  on  small  aircraft,  this 


control  allows  the  pilot  (or  copilot) 
to  bank,  climb,  or  dive  his  plane 
by  merely  moving  the  formation 
stick  away  from  its  neutral  center 
position.  The  degree  of  bank  and 
turn  and  the  rate  of  climb  or  glide 
are  proportional  to  the  displace¬ 
ment  of  the  stick  in  its  two  axes  of 
movement.  Since  it  automatically 
provides  coordinated  turns,  it  trans¬ 
forms  the  airplane  into  a  two-con¬ 
trol  ship  which  won’t  spin. 

Pilot  Tries  Discorded  Model 

The  first  fingertip  control  was 
built  in  1943.  Since  our  planes  were 
not  yet  flying  wing-tip  to  wing- 
tip  as  they  were  later  forced  to  by 
enemy  fighter  tactics  and  since 
other  more  pressing  problems 
needed  solving,  the  project  was 
shelved  until  a  strange  trick  of 
fate  brought  it  into  the  light  again. 
It  happened  this  way.  A  young 
army  pilot,  visiting  Minneapolis, 
picked  up  the  discarded  first  model 
from  a  corner  of  the  flight  research 
hangar  and  secretly  installed  it  on 
his  B-17.  He  later  flew  the  air¬ 
plane  into  combat  over  Germany, 
where  it  attracted  the  attention  of 


a  senior  officer.  Army  Air  Force  " 
technicians  pressed  for  immediate  nd  pi 
production.  A  short  time  later  (in 
the  fall  of  1944)  a  redesigned  stick 
came  off  the  production  lines.  Since 
then  it  has  been  installed  on  Flying 
Fortresses,  Liberators,  and  B-29 
Super  Fortresses. 


Relation  to  Autopilot 


The  principle  of  the  stick’s  opera¬ 
tion  is  quite  simple.  As  explained 
in  Electronic  Autopilot  Circuits,  p. 
110,  Electronics,  Oct.  1944,  the 
autopilot  electrical  bridge  system 
is  made  up  of  three  channels — one 
each  for  aileron,  rudder,  and  eleva¬ 
tor  control.  Without  the  formation 
stick  each  of  these  channels  func¬ 
tions  to  maintain  the  airplane  in  a 
predetermined  attitude  by  operat¬ 
ing  its  corresponding  control  sur¬ 
face.  The  only  way  for  the  pilot  to 
change  course  is  by  means  of  the 
turn  control  knob,  which  is  not  con¬ 
venient  for  rapid  course  changes, 
and  in  addition  does  not  allow  con¬ 
trol  of  the  elevator  surfaces.  | 
The  formation  stick  is  essentially 
two  potentiometers  mounted  at 
right  angles  to  each  other,  with 
provision  for  the  pickup  wiper  on 
each  potentiometer  to  be  driven  by 
movement  of  the  stick  in  a  cor¬ 
responding  direction.  These  poten¬ 
tiometers  introduce  electrical  sig¬ 
nals  into  the  autopilot  bridge  cir¬ 
cuits  calling  for  control  surface 
movement.  When  the  stick  i* 
moved  backward  or  forward,  a  sig¬ 
nal  in  the  elevator  channel  causes 
the  elevator  to  be  driven  so  that 
the  airplane  will  either  climb  or 
glide.  A  side  movement  of  the 
stick,  on  the  other  hand,  produces 
a  coordinated  turn  by  introducing 
signals  into  both  the  aileron  and 
rudder  channels,  plus  a  measured 
up-elevator  response  to  hold  the 
ship’s  nose  up.'  Therefore,  if 
electrical  system  is  properly  ad¬ 
justed  beforehand,  it  would  be  i®- 
possible  for  the  operator  to  acci¬ 
dentally  make  the  plane  slip 
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!istol-grip  formation  stick,  newest  accessory  for  C-1  electronic  autopilot,  permits  effort¬ 
less  maneuvering  of  largest  bombers  during  wing-tip  to  wing-tip  flying  in  any  weatber, 
ind  provides  servo  boost  for  rapid  changes  in  course  or  altitude  during  combat  action 

By  D.  G.  TAYLOR  and  GORDON  VOLKENANT 

Chief  Mechanical  Engineer  Coordinator,  Xeto  Products  Research 

Minneapolis-Honeytcell  Regulator  Co.,  Minneapolis,  Minn. 


kid  when  using  the  stick.  Of 
(urse,  climbing  or  gliding  turns 
can  be  obtained  with  diagonal 
movements  of  the  stick. 

Function  Selector  Switch 

Two  formation  sticks  (one  each 
for  pilot  and  copilot)  are  installed 
in  the  airplane.  A  special  switch 
called  the  function  selector  has  four 
positions  which  control  the  author¬ 
ity  of  the  stick  as  follows:  (1)  ON 
SERVO  BOOST  (gyros  off),  (2) 
OFF  (autopilot  knobs  now  maneu¬ 
ver  the  plane),  (3)  ON  (gyros  con¬ 
tinue  to  stabilize  the  plane),  and 
(4)  ON  ELEV.  ONLY.  The  switch 
assembly  is  made  up  of  five  cam- 
operated  switches,  with  the  cams 
mounted  on  a  central  shaft.  These 
switches  activate  relays  which 
are  used  to  make  the  actual  load 
circuit  changes. 

In  the  operational  procedure,  the 
autopilot  master  switch  is  first 
turned  on,  and  a  few  minutes  al¬ 
lowed  for  the  gyros  to  warm  up. 
The  two  basic  sensing  units  for  the 
autopilot,  the  vertical  flight  gyro 
providing  stability  in  pitch  and 
roll,  and  the  directional  stabilizer 
W'o  performing  the  function  its 
name  implies,  also  serve  the  forma¬ 
tion  sticks. 

The  next  step  is  to  engage  the 
*<rvos,  which  mechanically  drive 
tbe  airplane’s  control  surfaces  in 
response  to  power  signals  from  the 
autopilot  amplifier.  Assuming  that 
^  flight  adjustments  are  correct, 
airplane  is  then  being  flown  by 
autopilot.  During  this  setting- 
“P  procedure  the  function  selector 
been  at  OFF,  indicating  that 


the  formation  sticks  were  inopera¬ 
tive. 

Circuit  for  OFF  Position 

A  schematic  circuit  for  the  auto¬ 
pilot  with  formation  sticks  is 
shown  in  Fig.  1.  In  the  lower  cen¬ 
ter  the  internal  switches  of  the 
function  selector  are  shown  at  OFF 
position.  Note  that  the  center 
switch  grounds  the  aileron  and  rud¬ 
der  channels  through  the  turn  con¬ 
trol,  thus  giving  normal  autopilot 
operation.  The  elevator  channel  is 
grounded  through  a  resistor  and 
the  center  tap  on  the  formation 
stick  elevator  potentiometer.  Since 
this  potentiometer  is  not  energized 
in  this  position  of  the  selector,  an 
accidental  movement  of  the  stick 


Automatic  units  controlled  by  the 
formation  stick  in  the  C-1  electronic  " 
autopilot 


wull  not  affect  autopilot  operation. 

( Because  the  current  flow  of  any 
signal  is  extremely  low,  resistances 
of  this  order  to  ground  have  a  neg¬ 
ligible  effect  on  the  electrical  char¬ 
acteristics  of  the  autopilot  without 
formation  stick.  The  600-ohm  re¬ 
sistor  is  used  to  reduce  elevator 
signals  when  the  formation  sticks 
are  energized.) 

Circuit  for  ON  Position 
When  the  function  selector  knob 
is  moved  to  ON  (position  3),  the 
first  switch  energizes  the  stick  po¬ 
tentiometers,  the  second  makes  the 
ECO  and  DAL  delay  switch  cir¬ 
cuits  operative  (see  a  following 
paragraph  for  explanation),  and 
the  third  switch  removes  the  direct 
ground  of  the  turn  control  so  that 
formation  stick  signals  affect  the 
aileron  and  rudder  channels.  The 
fourth  and  fifth  switches  have  no 
effect  in  this  position. 

Effect  of  Stick  Movements 
With  the  formation  stick  circuit 
thus  energized,  note  that  the  pilot’s 
stick  is  the  effective  one.  However, 
a  transfer  switch  is  located  on  top 
of  each  stick  which,  when  pressed, 
transfers  control  away  from  the  op¬ 
posite  stick.  If  the  copilot’s  trans¬ 
fer  switch  is  pressed,  the  transfer 
relay  solenoid  is  grounded,  pulling 
in  the  contacts  necessary  to  give 
the  copilot  control  and  providing  a 
hold-in  ground  to  keep  the  solenoid 
energized.  As  can  be  seen  in  the 
diagram,  the  pilot’s  switch  will  re¬ 
turn  control  to  him  even  if  the 
copilot’s  switch  is  depressed,  since 
it  effectively  grounds  the  circuit 
ahead  of  the  transfer  solenoid. 
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When  the  pilot’s  stick  (or  co¬ 
pilot’s  if  control  has  been  trans¬ 
ferred)  is  moved  sideways,  a  volt¬ 
age  signal  from  the  banking  poten¬ 
tiometer  is  introduced  into  the  turn 
control  bridge,  unbalancing  both 
the  aileron  and  rudder  channels.  A 
voltage  above  ground  is  produced  at 
the  grid  of  the  first  tube  of  the 
amplifier  in  each  of  these  channels, 
and  servo  movement  is  immediately 
started  through  the  amplifier-con¬ 
trolled  relays  (not  shown).  Suffi¬ 
cient  servo  movement  will  be  pro¬ 
duced  to  rebalance  the  aileron  and 
rudder  bridges  by  movement  of  the 
balance  potentiometers  on  the 
servos  (shown  as  part  of  the  auto¬ 
pilot  bridges).  Then,  as  the  air¬ 
plane  responds,  the  vertical  flight 
gyro  will  measure  the  angle  of  bank 
and  put  in  its  own  rebalancing  sig¬ 
nal,  causing  the  servo  to  drive  the 
ailerons  back  to  streamline  posi¬ 
tion. 

When  the  stick  is  allowed  to  re¬ 
turn  to  neutral  position,  the  op¬ 
posite  action  takes  place  until  the 
airplane  is  again  leveled  and  all  cir¬ 
cuits  balanced. 

Action  of  Delay  Switch 

Whenever  the  stick  is  moved  off 
center,  a  locking  switch  (shown 
near  the  lower  center  of  the  dia¬ 
gram)  is  closed,  energizing  the  de¬ 
lay  switch  and  heating  a  piece  of 
resistance  wire  within  it.  As  this 
wire  is  heated,  it  expands  and  al¬ 
lows  the  spring  to  close  the  ground¬ 
ing  contact  for  the  locking  relay. 
(This  action  occurs  in  a  fraction 
of  a  second,  and  serves  no  function 
until  the  stick  is  again  centered). 
The  locking  relay  energizes  the  di¬ 
rectional  arm  lock  (DAL)  and 
erecting  cut-out  (ECO)  circuits. 
The  DAL  locks  the  directional 
panel  of  the  autopilot  to  prevent 
a  corrective  signal  being  introduced 
as  the  airplane  moves  off  its  estab¬ 
lished  heading,  while  the  ECO  acts 
in  the  vertical  flight  gyro  to  pre¬ 
vent  the  gyro  from  erecting  per¬ 
pendicular  to  the  floor  of  the  air¬ 
plane  during  the  bank. 

Elevator  Action 

After  the  stick  is  back  in  center 
position  the  delay  switch  described 
above  momentarily  maintains  a 
ground  for  the  locking  relay  until 
the  airplane  has  had  time  to  re¬ 
cover  straight-and-level  flight. 


The  preceding  action  takes  place 
when  the  stick  is  moved  to  one  side 
or  the  other.  The  only  elevator 
action  is  a  small  amount  of  up- 
elevator  provided  by  the  up-eleva¬ 
tor  potentiometer  of  the  vertical 
flight  gyro  to  maintain  the  air¬ 
plane’s  altitude  during  turns.  How¬ 
ever,  if  the  stick  is  moved  forward 
or  backward,  either  without  side 
movement  or  while  a  turn  is  being 
made,  the  down  or  up  elevator 
called  for  will  be  provided  by  servo 


Construction  of  formation  stick 


movement.  The  signal  is  produced 
by  the  elevator  potentiometer  of 
the  formation  stick  and  is  sent  up 
through  the  elevator  input  channel 
to  the  amplifier,  where  it  causes  the 
amplifier  to  produce  servo  action. 
Balancing  and  return  to  level  flight 
take  place  in  a  manner  similar  to 
the  action  in  the  aileron  channel. 
With  elevator  signals,  however, 
there  is  no  accompanying  action  of 
the  locking  relay. 

Circuit  for  ON  Servo  Boost 

Two  additional  positions  are  pro¬ 
vided  for  special  flight  conditions. 
During  tight  formation  flying,  for 
example,  it  is  often  necessary  for 
the  pilot  to  make  rapid  changes  in 
course  or  altitude  in  order  to  main¬ 
tain  his  proper  position  in  the  for¬ 
mation.  There  might  also  be  emer¬ 
gencies  when  banks  greater  than 
those  allowed  by  the  gyros  would 
be  necessary.  When  flying  manu¬ 
ally  this  would  mean  extreme  and 
rapid  movement  of  the  controls. 
The  formation  stick  performs  this 
job  when  the  selector  switch  is 
turned  to  ON  SERVO  BOOST  (po¬ 


sition  1).  The  stick  then  controls 
the  individual  servo  units  directly 
without  any  stabilization  or  balanc¬ 
ing  out  by  the  gyros,  and  under 
this  condition  the  airplane  must  be 
flown  as  if  it  had  no  autopilot  and 
the  sticks  were  mechanically  con¬ 
nected  to  the  control  cables. 

Looking  at  the  action  of  the 
function  selector  switches  for  this 
type  of  operation  (bottom  to  top), 
the  formation  stick  potentiometers 
are  still  energized.  The  ECO  is  not 
needed  and  therefore  not  energized 
since  no  gyro  balancing  is  used, 
and  the  DAL  circuit  is  controlled 
by  a  different  switch  in  this  type  of 
operation.  Aileron  and  rudder  sig¬ 
nals  reach  the  autopilot  channels 
only  through  a  500-ohm  resistor 
which  serves  to  reduce  them 
slightly.  Elevator  signals  reach  the 
autopilot  channel  through  a  600- 
ohm  resistor  (the  same  as  in  nor¬ 
mal  stick  control)  and  the  fifth 
switch  performs  its  function  of  en¬ 
ergizing  the  servo  relay  and  also 
the  DAL  so  that  it  is  constantly 
locked  during  ON  SERVO  BOOST 
operation. 

Direct  control  of  the  servos  with¬ 
out  one  of  the  gyros  balancing  out 
the  formation  stick  signals  is  ob¬ 
tained  by  operation  of  the  servo 
relay,  which  shorts  out  a  portion 
of  the  rudder  bridge  and  transfers 
the  aileron  and  elevator  bridges  to 
semi-fixed  trimming  potentiom¬ 
eters.  Note  that  the  only  bal¬ 
ancing  of  formation  stick  signals 
is  performed  by  the  servo  potentio¬ 
meters,  and  that  the  signals  are 
then  sent  directly  to  the  amplifier 
tubes  through  trimming  or  center¬ 
ing  potentiometers  on  two  of  the 
channels,  and  simply  shorted 
around  the  autopilot  rudder  poten¬ 
tiometer  in  the  rudder  channel 
These  adjusting  potentiometers 
(plus  a  number  of  others)  are 
semipermanent  settings,  and  are  lo¬ 
cated  in  the  junction  box  serving  all 
three  channels. 

Circuit  for  Elevator  Only 

Switch  position  4,  ELEVATOR 
ONLY,  is  for  use  in  bombing.  1“ 
a  high-altitude  bomb  run  it  is  es¬ 
sential  that  a  constant  altitude  be 
heM  until  the  bombs  are  released. 
If  altitude  varies  during  the  run, 
the  mechanical  calculations  of  the 
bombsight  will  be  in  error  and  the 
bombs  will  miss  their  target.  With 
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the  standard  autopilot  in  use  it  was 
jecessary  for  the  pilot  to  adjust  a 
nnall  knob  or  to  electrically  discon- 
ject  the  elevator  control  and  manu- 
illy  maintain  altitude.  In  addition, 
itabilization  of  flight  in  the  pitch 
ixis  of  the  airplane  (up  and  down) 
Tas  removed. 

With  the  stick  in  use,  ELEVA¬ 
TOR  ONLY  position  allows  control 
of  this  channel  only,  without  in¬ 
terfering  with  the  work  of  the 
bombardier  who  is  constantly  in¬ 
troducing  corrections  into  the 
aileron  and  rudder  channels  by 
means  of  his  bombsight.  Also, 
every  stick  movement  is  automati¬ 
cally  stabilized  by  the  gyro  of  the 
autopilot  so  as  to  maintain  accurate 
flight.  Small  deviations  due  to  air 
conditions  are  corrected  before  the 
pilot  may  be  aware  of  them. 

In  the  ELEVATOR  ONLY  posi¬ 
tion  the  potentiometers  are  still  en¬ 
ergized,  the  DAL  and  ECO  circuits 
are  again  dead,  the  turn  control  is 
grounded  to  eliminate  any  aileron 


or  rudder  signals  from  the  forma¬ 
tion  stick,  and  the  fifth  switch  is 
inoperative.  The  fourth  switch  is 
now  active,  grounding  the  eleva¬ 
tor  circuit  through  a  300-ohm  re¬ 
sistor  so  that  only  a  limited  amount 
of  elevator  control  is  available. 
This  gives  a  more  cautious  reaction 
to  stick  movement  at  a  time  when 
altitude  must  be  carefully  held. 

General  Considerations 

As  a  safety  precaution  for  the 
whole  system,  emergency  discon¬ 
nect  switches  are  installed  on  each 
control  wheel.  In  case  of  an  auto¬ 
pilot  malfunction,  such  as  might  oc¬ 
cur  if  part  of  the  system  were 
destroyed  by  enemy  fire,  pushing 
either  button  will  immediately  dis¬ 
engage  the  entire  autopilot  includ¬ 
ing  the  formation  sticks. 

Several  auxiliary  functions  are 
designed  into  the  stick.  To  prevent 
abrupt  and  violent  attitude  changes 
and  to  give  the  pilot  a  control  feel, 
a  mechanical  brake  and  centering 


mechanism  are  installed  in  each 
axis  of  movement.  In  addition,  a 
trigger  switch  on  each  stick 
operates  the  microphone,  replacing 
a  switch  used  on  the  control  wheel 
when  the  plane  is  being  flown  man¬ 
ually.  The  addition  of  an  arm  rest 
on  the  complete  assembly  makes  it 
more  convenient  and  less  tiresome 
to  use. 

The  use  of  formation  sticks 
solves  the  control  problem  of  de¬ 
signers  who  are  planning  huge 
postwar  transports  and  passenger 
planes,  since  a  one-pound  pull  on 
the  stick  takes  the  place  of  a  hun¬ 
dred-pound  pull  that  might  be  nec¬ 
essary  on  the  control  wheel.  En¬ 
thusiastic  reports  on  its  wartime 
use  received  by  Air  Technical  Serv¬ 
ice  Command  presage  a  successful 
peacetime  future.  When  installed 
on  postwar  aircraft  where  auto¬ 
matic  flight  control  is  a  necessity, 
this  device  will  substantially  con¬ 
tribute  to  the  simplification  of 
control  problems. 
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^iG.  1 — Schemotic  circuit  diagram  of  Minneapolis-Honey  well  C-1  electronic  autopilot  with  iormotion  stick 


FIG*  1 — ^Profile  of  the  Thf  multiple-relay  television  network  route  between  Washington  and  Phih-  ilotion 
delphia.  showing  the  relative  heights  of  the  two  terminal  stations  and  the  four  hilltop  relay  roWed 

VHF  Multiple-Relay  T 


FIG.  2 — Block  diagram  of  a  typical  hilltop  relay  station,  showing  the  principal 
elements  of  equipment,  illustrated  in  detail  elsewhere  in  these  pages 


ON  THE  EVENING  of  April  17,  network  route  between  the  two  ter- 
1945,  a  television  program  minal  cities  is  shown  in  Fig.  1. 
originating  in  a  Washington,  D.  C.  In  the  following  paragraphs  some 
studio  was  relayed  through  a  chain  of  the  problems  encountered  in 
of  four  vhf  stations  located  on  hill-  setting  up  and  operating  the  relay 
tops  at  Arlington,  Va.,  Odenton,  stations  will  be  discussed,  and 
Md.,  Havre  de  Grace,  Md.,  and  hitherto  unpublished  details  con- 
Honeybrook,  Pa.,  to  WPTZ  at  cerning  the  equipment  employed 
Wyndmoor,  Pa.,  and  from  there  therein  will  be  given.  The  block 
broadcast  to  residents  of  the  Phila-  diagram  of  Fig.  2  shows  the  prin- 
delphia  area.  Multiple  relaying  cipal  elements  of  a  typical  relay 
tests  have  continued  since  that  station.  The  physical  appearance 
time.  of  one  such  station,  at  Arlington, 

The  four  hilltop  sites  were  se-  is  shown  in  Fig.  3. 
lected  to  insure  100-foot  clearance 

over  all  intervening  terrain,  with  Antennas  and  Frequencies 

an  eye  to  possible  future  use  of  Antennas  for  receiving  and  re- 
uhf  or  shf  equipment.  This  rfeces-  transmitting  the  video  signals  are 
sitated  some  staggering  of  the  similar  in  design,  but  are  mounted 
sites,  with  the  result  that  the  trans-  on  separate  100-foot  towers.  The 
mission  path  length  totals  156  arrays  consist  of  24  elements,  12 
miles  whereas  the  airline  distance  driven  dipoles  and  12  reflectors, 
between  Washington  and  Philadel-  The  driven  elements,  shown  in 
phia  is  143  miles.  A  profile  of  the  Fig.  4,  are  half-wave  dipoles.  Two 
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master  elements  in  the  center  of 
the  array  are  connected  through  a 
matching  box  to  the  receiver  or 
transmitter  by  means  of  a  i-inch 
coaxial  cable.  Inside  the  matching 
box  is  an  inverter  section  that  pro¬ 
vides  a  balanced  transformation 
from  the  single-ended  line  to  the 
antennas.  The  remaining  10  driven 
elements  are  end-fed,  by  means  of 
suitable  high-impedance  transmis¬ 
sion  lines,  from  the  two  master 
dipoles. 

One  difficulty  arose  because  the 
receiving  antenna,  which  must  pid 
up  a  signal  of  a  few  millivolts,  is 
at  the  same  site  and  only  about  To 
feet  from  the  transmitting  antenna, 
which  sends  out  a  40-watt  signal 
Obviously,  the  transmitted  signal 
might  be  expected  to  interfere  with 
reception.  This  problem  of  intra¬ 
station  interference  was  solved  by 
a  combination  of  two  expedients 
The  first  was  the  physical  arrange¬ 
ment  of  the  antennas.  At  each  re 
lay  site,  the  receiving  antenna  i* 
mounted  end  on  with  respect  to  the 
transmitting  antenna  tower.  The 
transmitting  tower  is  at  a  niw 
point  for  the  receiving  antennas 
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39  MILES 

‘(210  MC  BAND)' 


41  MILES 
(236  MC  BAND) 


itotions  inyolTed.  Line-of-sight  clearances  of  at  least  100  ieet  were  desired.  This  in- 
Tolred  staggering  of  the  relay  stations  but  added  only  13  miles  to  the  transmission  path 


Television  Network 


Detailed  description  of  a  six-station  chain  through  which  video  programs  originating  in 
Washington  are  telecast  in  the  Philadelphia  area.  Staggered  frequencies  within  the  210 
and  236-mc  hands  are  used,  but  uhf  or  shf  equipment  should  ultimately  prove  feasible 


pattern,  which  is  shown  in  Fig.  5. 
Thus,  the  transmitting  antenna  it¬ 
self  may  be  placed  in  any  position 
on  its  tower,  since  this  tower  is  at 
the  point  of  lowest  sensitivity  for 
the  receiving  antenna. 

To  further  reduce  local  interfer¬ 
ence,  the  receiver  and  transmitter 
at  each  relay  station  operate  in  two 
separate  frequency  bands.  This  is 
possible  because  the  transmitters 
in  the  network  are  operated  on 
staggered  frequencies.  Washing¬ 
ton,  Odenton  and  Honeybrook, 
transmitters  1,  3  and  5,  transmit 
in  the  236-mc  band  (230-242  me). 
Arlington  and  Havre  de  Grace, 
transmitters  2  and  4,  transmit  in 
the  210-mc  band  (204-216  me) .  The 
result  is  that  at  the  first  relay  point 
st  Arlington,  for  example,  the  re¬ 
ceiving  antenna  is  picking  up  a 
236-mc  signal,  while  the  transmit¬ 
ting  antenna  is  sending  out  video 
intelligence  on  210  me. 

A  third  device  for  reducing  in¬ 
terference  became  necessary  be- 
cause  it  was  found  that  the  for¬ 
ward  wave  received  at  one  relay 
station  was  obscured  somewhat  by 
the  back  wave  from  the  next  relay 
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FIG.  3 — Relay  station  at  Arlington.  The  two  100-foot  towers  supporting  receiv¬ 
ing  and  transmitting  antennas,  the  trailer  in  which  eguipment  is  housed,  ond 
the  small  metal  briilding  in  which  tools,  spare  parts  and  an  emergency 
gasoline-engine  driven  generator  are  kept  may  be  seen 
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234  me  and  transmits  on  212  me. 
Honeybrook  reeeives  on  212  me 
and  transmits  on  238  me.  WPTZ 
in  Wyndmoor  reeeives  on  238  me 
and  teleeasts  on  67.25  me. 


dipoles; 


Relay  Receiver  Design 

The  relay  reeeiver,  reeeiver  mon¬ 
itor,  synehronizing  expander,  relay 
transmitter,  transmitter  monitor, 
and  the  assoeiated  power  supplies, 
together  with  duplieate  standby 
equipment,  are  all  mounted  in 
raeks  in  an  automobile  trailer.  A 
typieal  trailer  floor  plan  is  shown 
in  Fig.  6.  Two  views  of  equipment 
in  a  trailer  are  shown  in  Fig.  7 
and  Fig.  8. 

In  the  relay  receiver  a  grounded- 
grid  cathode-driven  r-f  amplifler, 
Rt  in  Fig.  9,  is  used  to  step  up  the 
received  signal  and  feed  it  into  a 
push-pull  mixer,  Rj,  which  also  re¬ 
ceives  a  signal  from  a  line-con- 
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FIG.  4 — Driven  elements  of  a  typical 
transmitting  or  receiving  antenno  array 
as  used  in  the  multiple-relay  television 
network.  Reflectors  are  omitted  from 
the  drawing  for  simplicity 


station.  For  example,  at  the 
Odenton  station,  it  was  found  that 
the  signal  received  from  Arlington 
was  being  interfered  with  by  the 
back  wave  from  Havre  de  Grace. 
The  effect,  viewed  on  the  receiver 
picture  monitor  at  Odenton,  was 
similar  to  stray  beat  patterns 
caused  by  a  diathermy  machine 
near  a  home  television  receiver.  To 
eliminate  this  inter-station  inter¬ 
ference,  transmitter  frequencies 
were  staggered  again  within  the 
two  available  12-mc  wide  bands. 
Arlington  and  Havre  de  Grace 
transmit  on  different  frequencies 
within  the  210-mc  band.  These 
frequencies  are  far  enough  apart 
so  that  the  beat  pattern  is  of  a 
frequency  above  the  video  accept¬ 
ance  band  of  the  system.  Similarly, 
Havre  de  Grace  is  protected  against 
inter-station  interference  because 
Odenton  and  Honeybrook  transmit 
at  different  frequencies  within  the 
236-mc  band. 

Washington  transmits  on  236  me. 
Arlington  receives  on  236  me  and 
transmits  on  208  me.  Odenton  re¬ 
ceives  on  208  me  and  transmits  on 
234  me.  Havre  de  Grace  receives  on 


FIG.  5 — Pattern  of  24-element  array 


trolled  push-pull  oscillator,  R^.  The 
oscillator  may  be  tuned  to  operate 
at  either  171  or  275  me.  In  the 
210-mc  band  receivers  the  oscilla¬ 
tor  is  tuned  to  171  me,  39  me  be¬ 
low  the  received  signal’s  carrier 
frequency.  In  the  236-mc  band  re¬ 
ceivers,  the  oscillator  is  tuned  to 
275  me,  or  39  me  above  the  received 
carrier.  This  staggering  of  oscilla¬ 
tor  frequencies  is  necessary  in  or¬ 
der  to  reduce  interference  from 
harmonic  beats  produced  between 
the  local  transmitting  carrier  and 
the  local  receiver  oscillator. 

From  the  mixer,  the  i-f  signal 
goes  to  the  i-f  amplifier  section, 
tubes  Ri  through  R^i,  consisting  of 
eight  frequency-staggered,  single¬ 


video  voltage.  This  is  necessarj’ 
b^ause  of  the  non-linear  amplitude 
characteristics  of  the  relay  trans¬ 
mitters  in  the  synchronizing  re- 
that  is,  the  sync  content  of 


gion 

the  video  signal  tends  to  be  com¬ 
pressed  in  transmission,  and  the 
sync  expander  compensates  by  am¬ 
plifying  the  sync. 

In  the  sync  expander,  the  video 
signal  first  passes  through  three 
amplifier  stages.  At  the  second 
stage,  a  degenerating  variable  re¬ 
sistor  in  the  cathode  circuit  serves 
as  a  video  gain  control. 


When  the  signal  leaves  the  third 
amplifier,  Sj,  the  sync  pulses  are  up. 
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as  the  waveform  indicates.  The 
circuit  of  d-c  restorer  Ss  acts  to 
maintain  the  sync  pulse  tip  level  at 
a  constant  d-c  potential  in  the  plate 
circuit  of  amplifier  S„  regardless 
of  changes  in  picture  content.  In 
the  plate  circuit  of  St,  the  sync 
pulses  are  amplified  and  inverted. 
Here  is  where  the  sync  expansion 
takes  place.  Note  that  the  plate 
load  of  St  consists  of  two  parts: 
(1)  a  fixed  resistive  load,  R,,  con¬ 
nected  to  a  380-volt  regulated  sup¬ 
ply,  and  (2)  a  variable  resistive 
load,  separately  connected  to  a  230- 
volt  regulated  supply.  The  varia- 
able  load,  S,.,  comprises  a  diode 
circuit  such  that  its  resistance, 
which  is  in  parallel  with  the  fixed 
load,  is  practically  infinite  during 
the  synchronizing  pulse,  when  the 
diode  is  not  conducting.  However,  . 
this  resistance  becomes  finite  when 
the  video  level  is  reached,  since  at 
that  time  the  diode  will  conduct 
current.  Thus  the  total  plate  load, 
and  hence  the  amplification,  is 
greater  during  the  sync  pulse.  Cor¬ 
respondingly,  the  two  resistive  loads 
in  parallel  produce  a  lower  total 
plate  load,  and  thus  lower  voltage 
amplification  from  St,  for  the  video 
intelligence. 

Next  comes  a  cathode  follower 
circuit,  with  S^  and  Sh  in  parallel. 
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FIG.  6 — Layout  in  a  relay  station  troiler.  Power  is  obtained  from  110-volt 
supply  lines,  except  in  cases  oi  emergency,  when  externally  housed  gasoline- 
engine  driven  generators  are  pressed  into  service.  Note  that  standby  trans¬ 
mitters  and  receivers  are  provided 


Small  resistors  are  placed  in  the 
control  grid  leads  to  act  as  sup¬ 
pressors  of  parasitic  oscillation.  A 
larger  resistance  is  added  in  the 
cathode  circuit  ahead  of  the  output 
to  the  70-ohm  line.  This  degen¬ 
erating  cathode  resistor  acts  to  im¬ 
prove  the  linearity  of  the  cathode 
follower.  It  also  cuts  down  the  gain 
of  the  stage  from  about  60  percent 
to  20  percent.  However,  as  the 
video  voltage  applied  at  the  grids 
of  Si  and  is  about  20  volts,  a 
signal  of  4  volts  remains  and  is 
carried  to  the  relay  transmitter  by 
the  70-ohm  line. 

Tube  Sfl,  in  the  grid  circuit  of  the 
cathode  follower  stage,  merely  acts 


as  a  d-c  restorer.  A  potentiometer 
is  used  to  set  its  bias  at  such  a 
point  that  the  sync  pulse  tip  level 
is  at  the  desired  voltage  regardless 
of  changes  in  picture  content. 

The  effect  of  sync  expander  ac¬ 
tion  may  be  seen  in  Fig.  12.  This 
graph  shows  output  voltages  at  the 
plate  of  St  as  ordinates  and  input 
voltages  at  the  control  grid  of  St 
as  abscissae.  The  knee  of  the  curve 
appears  at  the  point  where  the  vari¬ 
able  load  assumes  a  finite  value  and, 
in  parallel  with  the  fixed  results  in 
a  reduced  plate  load  for  S,  and 
hence  a  lower  voltage  amplification. 
As  the  wavefom  shows,  this  knee 
appears  at  the  base  of  the  sync 


^ — Interior  of  a  trailer,  showing  the  operator  talking  to 
o>vn  at  other  points  oi  the  network  via  farmer's  phone  line 


FIG.  8 — Another  view  inside  a  trailer,  showing  one  of  the 
transmitters  and  the  two  rack-mounted  monitor  units 
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FIG.  10 — Physical  layout  of  a  typical  video  receiver 


pulses,  so  that  the  latter  are  ampli¬ 
fied  to  a  greater  degree  than  the  re¬ 
mainder  of  the  signal. 

Relay  Transmitter 

At  each  relay  station  in  the  net¬ 
work  two  transmitters  are  pro¬ 
vided,  one  for  regular  operation 
and  the  other  as  a  standby.  Philco 
originally  used  10-watt  relay  trans¬ 
mitters  for  remote  pickup  telecasts 
in  the  Philadelphia  area.  Sim¬ 
ilar  transmitters  were  originally 
planned  for  each  of  the  four  relay 
stations  in  the  Washington-to-Phil- 
adelphia  network.  Soon,  however, 
it  was  found  that  this  power  did 
not  give  adequate  signal  strength 
for  satisfactory  definition  and  clar¬ 
ity  of  the  received  pictre.  The  sig- 
nal-to-noise  ratio  was  too  low. 
Hence  the  transmitters  were  re¬ 
designed  to  include  a  power  ampli¬ 
fier  having  an  output  of  40  watts. 
The  problem  af  adding  this  power 
stage  was  simplified  by  “packag¬ 
ing"  the  power  amplifier  and  con¬ 
necting  it  to  the  10-watt  transmit¬ 
ter  unit  through  a  matching  device. 
A  close-up  of  the  r-f  portion  of  a 
typical  transmitter  is  shown  in 
Fig.  13. 

Starting  at  the  lower  left  corner 
of  the  transmitter  circuit  diagram 
shown  in  Fig.  14,  note  that  the 
video  signal  from  the  synchronizing 
expander  enters  a  modulator  unit. 
The  first  stage  of  amplification 


finds  the  video  (white  up)  applied 
both  on  the  grid  and  cathode  of 
'1\.  The  signal  on  the  grid  is  varied 
by  means  of  a  500-ohm  potentiom¬ 
eter.  The  output  is  then  amplified 
by  the  tw’o  stages  To  and  Ts,  and 
we  again  have  a  positive  video  sig¬ 
nal  (white  up)  appearing  on  the 
grid  of  Tt.  Diode  To  acts  as  a  d-c 
restorer  to  maintain  the  sync  tip 
voltage  level  on  the  grid  of  T,  at 
the  voltage  set  by  the  30,000-ohm 
rheostat  connected  to  the  plate  of 
To.  From  the  plate  of  T*,  the  ampli¬ 
fied  video  signal  goes  into  the  grid 
of  the  modulated  stage  of  the  trans¬ 
mitter  through  To,  a  voltage  regu¬ 
lator.  An  r-f  choke  in  this  lead 
serves  as  a  series  video  peaking 
coil.  Capacitors  are  used  to  pass 
the  high-frequency  components  of 
the  video  signal.  Tube  To  acts  as 
a  150-volt  battery  and  maintains 
the  d-c  component  in  r-f  output. 


The  amplified  video  signal  from 
the  modulator  is  imposed  on  the 
r-f  carrier,  which  is  generated  by 
a  line-controlled  oscillator  T^  and  T. 
coupled  to  the  modulated  ampli¬ 
fier  Tio  through  buffer  stage  Tt. 
Oscillator  tuning  range  covers  the 
two  channels  used  in  relaying, 
namely  204-216  me  and  230-242  me. 

In  the  original  10-watt  transmit¬ 
ter  design  the  output  of  the  modu¬ 
lated  amplifier  r,o  was  coupled  to 
the  antenna  by  means  of  a  coaxial 
line.  When  the  40-watt  amplifier 
was  added  it  was  considered  sim¬ 
plest  from  the  standpoint  of  exist¬ 
ing  gear  modifications  to  utilize 
half-wave  inverter  sections  of  co¬ 
axial  line  in  the  modulated  ampli¬ 
fier,  section  and  in  the  power  ampli¬ 
fier  section  to  couple  these  two 
stages. 

It  will  be  noted  that  a  lead  from 
the  r-f  output  of  the  modulated 


FIG.  9 — One  of  the  multiple-relay  television  network's  video  receivers,  tunable  to  either  of  the  two  bonds  utilised  by  the  system 
106  October  1.945  —  ELECTPONICS 


AMPLiniR 


CATHOOCroiUmR 
IhC  RESTORER 
,6X5 

.Z.S* 


M^PIIFIER 
6V6  VARIABLE 
Sa  load  I 
.frn  6X5 


D-CRESTORERj 


INPUT 


"SYNC.  Uieo 
♦-(05V  EXWkNWHd  t(ft£6 
+230V(RE6)  CONTROL  i+230V 
(REO) 


SVNC 

TIR 

CONTROI 


+-I05V 

•Z30V(REO 


♦-I05V 

'+230V(R£Q) 


'♦230V(RE6) 


1+230V 

(RE6) 


OUTPUTTD7O-0HHUME 


FIG.  12 — Sync  expander  load  characteristic 


FIG.  11 — Simplified  schematic  of  the  sync  expander  unit 


has  a  specified  number  of  rings, 
and  we  can  hold  a  seven-man  round¬ 
table  conversation  when  checking 
operation  along  the  route. 

Location  of  Sites 

A  study  of  100-odd  profiles  of  pos¬ 
sible  paths  enabled  us  to  select 
tentatively  four  hilltop  sites  for 
relay  stations.  After  choosing  the 


network  to  simplify  operational 
checks  at  all  relay  points  and  at  the 
home  station. 

We  use  farmer’s  telephone  lines 
to  connect  the  television  studios  in 
Washington  and  Philadelphia  with 
the  four  relay  stations.  In  addition 
to  these  six  phone  installations,  we 
have  a  seventh  at  the  laboratories 
in  North  Philadelphia.  Each  point 


amplifier  goes  to  the  cathode  of 
diode  Tu.  In  the  plate  circuit  of 
this  diode  is  a  load  resistor  which 
leeds  a  video  signal  to  cathode  fol¬ 
lower  Tii.  This  arrangement  dis¬ 
tributes  the  signal  to  a  picture  mon¬ 
itor  and  an  oscilloscape  through  the 
test  points  shown. 

The  40-watt  power  amplifier 
tubes  Ti2  and  r,«  are  operated  as  a 
grounded-grid  cathode-driven  stage. 
Because  of  the  low  plate-to-cathode 
capacitance  when  operated  in  this 
circuit,  no  neutralization  is  neces¬ 
sary. 

A  half-wave  section  of  coaxial 
line  is  used  in  a  manner  similar  to 
that  employed  for  coupling  be¬ 
tween  modulated  amplifier  and 
power  amplifier  to  couple  the  lat¬ 
ter  to  a  coaxial  line  feeding  the 
antenna. 


Trailers  and  Other  Equipment 

Early  in  the  design  of  the  net¬ 
work,  it  was  decided  to  mount  all 
receiving,  monitoring  and  trans¬ 
mitting  equipment  for  each  relay 
station,  including  a  complete 
standby  system  and  power  sup¬ 
plies,  in  a  suitable  automobile 
trailer. 

It  was  possible  to  obtain  electri¬ 
cal  power  from  the  local  lines  near 
each  of  the  four  relay  points.  This 
meant  that  we  needed  to  install,  in 
addition  to  the  antenna  towers  and 
trailer  at  each  hilltop  relay  site, 
only  a  simple  galvanized  steel  build¬ 
ing  to  house  spare  parts,  tools  and 
an  auxiliary  gasoline-driven  gener¬ 
ator  for  standby  power. 

In  the  building  a  monoscope  video 
signal  generator  has  also  been  in¬ 
stalled.  It  is  pictured  in  Fig.  15. 
Arlington  is  the  only  relay  station 
so  equipped.  Usually,  the  generator 
is  used  to  televise  a  test  chart  and 
transmit  the  chart  image  along  the 


FIG.  13 — Close-up  of  the  r-f  portion  of  a  typical  telerision  relay  station  Tideo 

transmitter 
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four  sites  and  obtaining  permission 
from  the  owners  to  proceed  with 
testing,  we  took  a  portable  televi¬ 
sion  receiver  to  Honeybrook,  the 
site  nearest  our  home  base.  At 
Honeybrook  we  received  a  satisfac¬ 
tory  picture  from  WPTZ  so  we 
next  tried  transmitting  to  WPTZ 
with  a  portable  transmitter  unit 
that  included  a  portable  monoscope 
video  signal  generator. 

By  the  time  that  this  two-way 
test  had  been  completed  satisfac¬ 
torily,  our  first  trailer  installation 
was  available.  We  pulled  it  to 
Havre  de  Grace,  the  second  site  to 
be  checked.  Here  we  went  through 
a  one-way  test,  sending  out  a  tele¬ 
vision  picture  from  the  portable 
monoscope  in  Havre  de  Grace  to 
Honeybrook  and  then  relaying  it  to 
WPTZ.  At  Odenton,  procedure  was 
the  same  except  that  the  check  in¬ 
cluded  three  relay  points,  Odenton, 
Havre  de  Grace  and  Honeybrook, 
as  well  as  WPTZ. 

At  the  fourth  and  last  relay  site, 
at  Arlington,  the  permanent  mono¬ 
scope  installation  was  used  instead 
of  the  portable  video  signal  gener¬ 
ator.  The  same  sequence  was  fol¬ 
lowed,  however,  in  checking  the  pic¬ 
ture  transmitted  along  the  entire 
network. 

The  final  step  was  to  establish  a 
studio  in  Washington.  The  site 


FIG.  15 — Television  engineer  operating  monoscope  video  signal  generator  in 
the  steel  shed  at  Arlington 

eventually  chosen  was  a  corner  is  the  actual  studio,  and  two  smaller 
suite  on  the  top  (14th)  floor  of  the  flanking  rooms  are  used  for  trans- 
Hotel  Statler.  Cameras,  lights,  mitting  and  control  (monitoring) 
transmitters,  monitoring  and  re-  respectively.  The  antenna  is  a  sim- 
ceiving  equipment,  and  test  appara-  pie  3-element  dipole  on  the  roof, 
tus  are  installed  in  this  three-room  since  the  hop  from  Washington  to 
suite.  A  large  room  on  the  corner  Arlington  is  only  about  5  miles. 


WOULATOR 


FIG.  14 — Circuit  of  a  complete  40-watt  video  transmitter.  Originally  10  watts  was  fed  to  on  antenna  from  the  output  of  the  modu- 

loted  amplifier  stage.  The  power  amplifier  wos  added  later 
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The  Technical  Basis  of 

ATOMIC 

EXPLOSIVES 


Based  on  information  recently  released  by  the  War 
Department,  this  article  describes  the  production 
and  use  of  the  two  principal  atomic  explosives, 
uranium-235  and  the  new  element  plutonium 


An  electronic  method  of  aeparating  desired  atoms  from  the  U"™  atoms  which 
constitute  the  bulk  of  uranium  metal.  Here,  utilising  a  principle  similar  to  that 
employed  in  a  mass  spectrograph,  light  atoms  are  caused  to  moTe  along  a 
curved  path  to  a  collector,  while  heavier  atoms  move  along  a  path  having 
a  different  radius  and  are  blocked 


SEVERAL  DAYS  after  the  first- 
atomic  bomb  attacks  on  Japan, 
to  the  surprise  and  gratification  of 
the  technical  press,  the  War  De¬ 
partment  issued  a  175-page  report 
on  the  technical  background  of  the 
atomic  bomb  project.  The  report 
was  written  by  Prof.  H.  D.  Smyth, 
head  of  the  Physics  Department  of 
Princeton  University  and  consult¬ 
ant  to  the  U.  S.  Corps  of  Engineers, 
to  supply  as  much  information  as 
national  security  would  permit. 

The  document  is  a  masterpiece  of 
technical  exposition  and  is  recom¬ 
mended  to  every  reader  of  Elec¬ 
tronics  who  can  secure  a  copy. 
Unfortunately,  the  report  received 
but  scant  attention  in  the  daily 
press  and  its  distribution  is  not 
widespread.  To  rectify  this  situa¬ 
tion,  the  editors  have  prepared 
from  the  report  the  following  sum¬ 
mary  of  the  production  and  use  of 
the  atomic  explosives. 

Fission — The  Fundamental  Action 

As  is  now  well  known,  the  pro¬ 
duction  of  atomic  energy  is  ac¬ 
counted  for  by  the  energy-mass 
equivalence  theorem  first  stated  by 
Einstein  in  1905.  The  equation 
states  that  a  mass  of  m  grams  may 
be  viewed  as  being  equivalent  to  an 
energy  of  me*  ergs,  where  c  is  the 
velocity  of  light.  This  theoretical 
postulate  was  later  proved  through 
the  study  of  radioactive  materials. 
It  was  found  that  when  a  heavy  ra¬ 
dioactive  substance  undergoes  a 
spontaneous  transmutation,  it 
breaks  up  into  one  or  more  elements 
of  less  total  mass.  The  difference  in 
oiass  appears  in  the  form  of  radiant 
or  kinetic  energy,  as  evidenced  by 


the  radiations  and  particle  emis¬ 
sions  which  accompany  the  trans¬ 
mutation. 

The  striking  aspect  of  this  proc¬ 
ess  is  the  size  of  the  quantity  c* 
which  relates  the  energy  produced 
to  the  loss  of  mass.  This  quantity 
is  9  X 10*®  ergs  per  gram.  Thus  2.2 
pounds  of  a  substance  (1  kilogram) 


completely  transmuted  into  energy 
is  equivalent  to  25  billion  kilowatt 
hours  of  energy,  which  is  equal  to 
the  electrical  energy  generated  by 
all  the  U.S.A.  utilities  over  a  period 
of  two  months.  It  is  evident  that  if 
even  a  small  portion  of  a  gram  of 
matter  could  be  so  transformed,  an 
explosion  of  epic  proportions  might 
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be  made  to  occur.  But  the  trans¬ 
mutations  occuring  in  natural  ra¬ 
dioactive  substances  involve  so 
small  a  percentage  of  the  material 
present,  and  the  mass  change  itself 
is  so  small,  that  no  substantial  con¬ 
centration  of  energy  occurs. 

The  search  for  practical  amounts 
of  atomic  power  was  directed  along 
two  avenues:  to  find  natural  or  arti¬ 
ficial  radioactive  substances  whose 
transmutations  involved  a  large 
change  in  the  atomic  mass,  and  to 
develop  means  of  concentrating 
these  substances  so  that  a  large  por¬ 
tion  of  the  material  present  would 
undergo  transmutation  at  once. 
Both  of  these  avenues  have  been  ex¬ 
plored  with  almost  superhuman  in¬ 
tensity  over  the  past  five  years, 
with  the  result  which  the  world  now 
recognizes  as  perhaps  the  greatest 
achievement  of  organized  science. 

Uranium  and  Plutonium 

Two  radioactive  substances  hav¬ 
ing  the  necessary  large  mass 
change  have  thus  far  been  isolated 
on  the  scale  necessary  for  atomic 
bombing:  a  natural  isotope  of  ura¬ 
nium,  known  as  uranium-235  (U““), 
and  a  new  artificially-created  ele¬ 
ment,  tentatively  named  plutonium 
(Pu^*).  These  substances  have  the 
property  of  undergoing  a  particu¬ 
lar  form  of  radioactive  transmuta¬ 
tion  known  as  fission  (a  cleaving 
or  breaking  into  parts)  when  irra¬ 
diated  with  low-speed  neutrons. 

When  an  atom  of  either  of  these 
elements  breaks  up,  the  products 
formed  are  elements  much  lighter 
than  the  original,  and  the  sum  of 
the  masses  of  the  lighter  elements 
is  substantially  less  than  the  mass 
of  the  original  atom  of  U”®  or  Pu®*. 
Hence  the  energy  released  by  the 
fission  is  very  great.  Moreover,  and 
most  important,  the  fission  is  ac¬ 
companied  by  the  production  of  ad¬ 
ditional  neutrons.  Thus  if  but  one 
neutron  is  originally  present  and 
only  one  atom  is  transmuted  at  the 
start,  additional  neutrons  are  pro¬ 
duced  which  irradiate  the  nearby 
atoms,  producing  new  fissions.  The 
process  builds  up  cumulatively  and 
the  disintegration  of  the  whole  mass 
of  material  is  self-sustaining.  This 
is  the  so-called  chain  reaction  which 
is  essential  to  the  action  of  the 
atomic  explosive. 

For  the  chain  reaction  to  proceed 


it  is  necessary  that  the  number  of 
neutrons  produced  in  a  given  time 
exceed  the  number  absorbed  or  lost 
by  the  system  in  the  same  time. 
This  condition  is  expressed  by  an 
equation  which  is  basic  to  the  whole 
science  of  atomic  power.  A  chain 
reaction  occurs  if 

iVep/T,  ^  N  (1) 

where  N  is  the  number  of  free 
neutrons  originally  present  and  the 
factors  ep/r,  represent  the  regener¬ 
ation  and  lass  of  neutrons  in  the 
course  of  the  atomic  disintegration. 
Specifically  e  is  a  factor  greater 
than  1  representing  the  production 
of  fast  (high  velocity)  neutrons,  p 
a  factor  less  than  one  representing 
the  loss  cf  neutrons  by  resonance 
capture  without  succeeding  disrup¬ 
tion  of  the  atoms,  /  is  a  probability 
factor  representing  the  chance  that 
the  low  speed  (thermal)  neutrons 
will  be  absorbed  in  the  uranium  or 
plutonium  atoms  and  thus  produce 
fission,  and  yi  is  the  number,  be¬ 
tween  1  and  3  of  neutrons  produced 
by  the  fission  of  each  atom.  If  the 
product  of  these  factors  ep/t) 
(called  the  multiplication  constant, 
krxj)  is  greater  than  unity,  the 
reaction  occurs;  otherwise  it  does 
not. 

One  of  the  basic  problems  of 
atomic  research  was  to  find  a  suit¬ 
able  arrangement  of  uranium  or 
plutonium,  mixed  with  other  sub¬ 
stances,  to  insure  that  /coo  exceeds 
unity.  The  first  such  successful  ar¬ 
rangement  was  produced  in  1942 
at  the  University  of  Chicago,  and 
the  chain  reaction  was  first  ob¬ 
served  on  December  2  of  that  year. 
The  reaction  was  stabilized  or  con¬ 
trolled  so  that  fcx  =  1  and  a  steady 
flow  of  power  produced.  The  power 
produced  was  minute,  only  i  watt. 
But  the  principle  was  established, 
proving  not  only  the  feasibility  of 
the  atomic  bomb  itself,  but  indicat¬ 
ing  the  process  whereby  plutonium 
could  be  manufactured  on  a  con¬ 
tinuous  basis  from  uranium  metal. 
This  process  was  embodied  in  the 
Hanford,  Washington,  plant  which 
began  operation  in  September  1944 
and  has  since  served  as  one  of  the 
principal  sources  of  atomic  ex¬ 
plosives. 

Basic  Requirements  of  an  Atomic  Bomb 

There  are  several  requirements 
which  must  be  met  in  the  design  of 


an  atomic  bomb.  First,  the  bomb 
must  be  stable  and  safe  to  handle 
prior  to  its  release  from  the  bomb¬ 
ing  aircraft.  Second,  it  must  be 
efficient  in  the  use  of  the  atomic  ex¬ 
plosive,  which  is  a  very  precious 
material.  The  first  requirement  is 
satisfied  by  making  use  of  the  for¬ 
tunate  fact  that  the  atomic  ex¬ 
plosive  does  not  explode  so  long 
as  the  amount  of  material  initially 
present  is  smaller  than  a  certain 
critical  size.  By  bringing  several 
such  small  pieces  together  quickly, 
so  that  the  sum  of  their  masses  ex¬ 
ceeds  the  critical  size,  the  explo¬ 
sion  can  be  made  to  occur  at  any 
desired  time. 

The  second  requirement,  effi¬ 
ciency,  is  met  by  confining  the  ex¬ 
plosion  in  a  strong  and  massive  con¬ 
tainer  or  tamper,  so  that  the  disin¬ 
tegration  of  the  desired  amount  of 
explosive  occurs  before  the  bomb 
flies  apart.  If  no  such  container 
were  provided  the  initial  force 
would  separate  the  explosive  mate¬ 
rial  into  small  pieces  which,  by 
themselves,  would  not  disintegrate 
further.  Even  with  such  a  con¬ 
tainer,  the  time  available  for  com¬ 
pletion  of  the  chain  reaction  in  the 
bomb  is  very  short,  of  the  order  of 
milliseconds,  so  means  must  be 
taken  for  insuring  complete  migra¬ 
tion  of  the  neutrons  through  all 
parts  of  the  explosive  before  the 
container  releases  its  contents. 
This  implies  the  use  of  fast  neu¬ 
trons  as  the  detonating  agent. 

The  reason  that  pieces  of  atomic 
explosive  smaller  than  a  certain 
critical  size  will  not  explode  is 
readily  seen  from  the  following: 
In  a  small  piece  of  material,  the 
surface  area  of  the  piece  is  large 
compared  with  its  volume,  and  the 
number  of  neutrons  lost  through 
the  surface  is  so  great,  relative  to 
the  number  produced,  that  sufficient 
multiplication  of  the  neutrons  to 
cause  a  chain  reaction  does  not  oc¬ 
cur  and  the  material  remains  sta¬ 
ble.  As  the  size  is  increased,  how¬ 
ever  the  volume  increases  faster 
than  the  surface  area  and  the  ratio 
of  neutrons  produced  to  these  lost 
through  the  surface  increases  pro¬ 
portionately.  The  critical  size  is 
reache*d  when  the  number  of  neu¬ 
trons  lost  through  the  surface,  and 
through  the  other  losses  indicated 
in  Eq.  (1),  just  equals  those  pro¬ 
duced.  In  pieces  larger  than  this, 
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the  chain  reaction  becomes  self-sus¬ 
taining  and  the  explosion  occurs. 

For  reasons  of  security  the  exact 
value  of  the  critical  size  is  not 
given  in  the  report,  but  it  is  stated 
to  be  between  the  limits  of  2  kilo¬ 
grams  and  100  kilograms  (between 
4.4  and  220  pounds).  The  press  has 
stated  that  a  piece  weighing  25 
pounds  is  sufficient  for  the  atomic 
bomb,  but  there  is  no  official  con¬ 
firmation  of  this  figure, 

Mo  other  details  regarding  the 
bomb  itself  are  available  except 
the  method  of  bringing  the  pieces 
of  explosive  together.  The  reac¬ 
tion  will  start  when  the  pieces  are 
brought  in  close  proximity  and  the 
speed  of  the  reaction  is  so  great 
that  the  pieces  might  be  blasted 
apart  before  they  reach  firm  con¬ 
tact,  with  consequent  lowering  of 
efficiency.  To  avoid  this,  the 
pieces  must  be  brought  together 
in  a  few  microseconds,  and  this  is 
accomplished  by  shooting,  with  a 
pn  mechanism,  one  piece  at 
another  with  such  force  and  at 
such  high  velocity  that  they  merge 
into  a  solid  mass  before  the  explo¬ 
sion  takes  place. 

Even  though  these  precautions 
have  been  taken  the  full  force  of 
the  atomic  explosion  has  not  yet 
been  realized.  Although  the 
present  efficiency  is  not  reported, 
a  report  on  the  subject  written  in 
1941  indicated  that  from  1  to  5 
percent  of  the  potential  fission 
energy  might  be  released  before 
the  material  becomes  so  far 
separated  as  to  cause  the  reaction 
to  cease.  On  the  basis  of  these 
figures  it  was  stated  that  1  kilo¬ 
gram  of  would  equal  the  effect 
of  300  tons  of  TNT.  Figures  re¬ 
leased  to  the  press  regarding  the 
first  bomb  dropped  on  Japan  indi¬ 
cated  an  explosive  effect  equal  to 
that  of  20,000  tons  of  TNT,  which 
would  indicate  a  weight  of  IP®  of 
about  67  kilograms  (150  pounds), 
based  on  the  above  figures.  If 
the  efficiency  realized  is  higher 
than  that  predicted  in  1941  (as  it 
®iay  well  be),  the  weight  required 
to  produce  this  effect  is  propor¬ 
tionately  less.  The  weight  is  evi¬ 
dently  not  a  deterrent  from  the 
standpoint  of  carrying  the  bomb  in 
an  aircraft,  even  considering  the 
auxiliary  detonating  and  contain¬ 
ing  structures.  Nor  is  the  size 
excessive,  since  25  pounds  of 


Equations  Behind  the  Atomic  Bomb 


Mass-encrsy  equivalence  theorem 
E=9XlO®m 
where  E^enersy  in  erss 
m  =  grams  of  matter 

Chemical  reaction  producing  plutonium 

+  on»  ^  ^  -t-  ..e” 

,^3Np«»  —  +  ..e" 

where  U  =  uranium 
n  =  neutron 
Np  =  neptunium 
e  =  electron 
Pu  =  plutonium 

Subscripts  indicate  atomic  number,  or  positive  charges  on  nucleus 

Superscripts  give  mass  number,  that  is:  the  number  of  massive  particles  in  the  nucleus 

Fission  reaction  (atomic  explosion) 

9-zU^  -f-  on^  — »■  fission  products  +  200,000,000  electron  volts  (similar  reaction  occurs 
with  plutonium,  94Pu“®) 


uranium  occupy  a  cube  only  3.3 
inches  on  a  side.  But  obtaining 
such  amounts  of  the  uranium  or  plu¬ 
tonium  from  natural  sources,  was 
a  staggering  problem. 

Availability  of  Materials 

Estimates  place  the  percentage 
of  natural  uranium  in  the  earth’s 
crust  at  about  4  parts  per  million. 
Substantial  deposits  are  known  to 
exist  in  Colorado,  northern  Canada, 
Czechoslavakia,  and  in  the  Belgian 
Congo.  By  the  end  of  1941  only  a 
few  grams  of  purified  metal  had 
been  produced.  But  by  June  1942 
deliveries  of  the  brown  dioxide  of 
uranium,  the  basic  raw  material, 
had  reached  30  tons  per  month. 
By  Nov.  1942,  6000  pounds  of 
pure  uranium  metal  had  been 
accumulated,  and  by  1943  upwards 
of  500  pounds  of  the  metal  were 
being  produced  each  day.  The 
cost  at  that  time  was  22  dollars 
per  pound.  Thereafter,  improved 
processes  were  introduced  and  no 
further  metal  shortages  have  since 
occurred. 

Uranium  metal  consists  of  two 
isotopes,  one  of  atomic  mass  238 
(U“*)  and  the  other  of  atomic  mass 
235  (U*®) .  The  active  portion, 
U“®,  is  present  only  to  the  exent 
of  1  part  in  140  (0,7  percent). 
The  remaining  99.3  percent  of 
U®*  so  dilutes  the  that  in  the 
natural  state  uranium  does  not 
react  chainwise  except  when 
assembled  in  masses  so  great  as 


to  be  completely  impractical  for 
purposes  of  bombing.  The  alterna¬ 
tive  was  to  remove  the  from  the 
U”®  to  permit  its  use  in  concen¬ 
trated  form.  The  compactness 
thus  achieved  permits  easy  trans¬ 
portation  by  aircraft  and  also  per¬ 
mits  achieving  high  efficiency  in 
the  bomb. 

Separation  of  the  U“'’  from 
is  far  from  simple.  The  two 
isotopes  have  similar  chemical 
properties  and  hence  cannot  be 
separated  by  chemical  processes. 
The  only  basis  on  which  they  can 
be  separated  is  a  slight  difference 
in  mass,  amounting  to  about  1.3 
percent.  Thus  the  separation 
must  be  based  on  some  physical 
process,  involving  a  difference  in 
the  speed  of  the  atoms  as  they  move 
under  thermal,  mechanical  or  elec¬ 
tric  forces.  Unfortunately,  the 
difference  in  speed  depends  only 
on  the  square  root  of  the  mass 
ratio,  and  in  a  large  group  of  atoms 
the  speeds  have  statistical  dis¬ 
tributions  which  overlap.  Hence 
the  separation  is  only  partial  and 
must  be  repeated  many  times  to 
produce  even  partially  pure  U”*. 
Of  over  a  dozen  methods  of  iso¬ 
tope  separation  known,  four  were 
considered  capable  of  large  scale 
operation  in  1942,  provided  that 
truly  heroic  measures  were  taken 
in  setting  up  the  separation  equip¬ 
ment  on  a  large  scale. 

Since  this  approach  would  take 
time,  and  since  there  was  great 
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fear  that  the  Germans  might  be 
well  ahead  in  the  same  problem, 
another  approach  was  sought, 
found  and  pursued  independently. 
This  second  approach  was  the  pro¬ 
duction  and  separation  from 
uranium  metal  of  a  new  element, 
plutonium. 

During  the  study  of  the  effect  of 
neutrons  on  uranium,  it  was  found 
that  two  new  elements  might  be 
produced  artificially.  These  two 
new  elements  have  different  chemi¬ 
cal  properties  and  hence  are 
separable  from  the  parent  uranium 
by  chemical  means  of  much  higher 
efficiency  than  the  physical  methods 
necessary  to  separate  U‘^“.  The 
production  of  plutonium  starts 
when  a  neutron  of  proper  speed 
enters  the  nucleus  of  (the 

more  plentiful  part  of  uranium 
metal)  and  is  absorbed  there, 
giving  rise  to  a  new  isotope  of  ura¬ 
nium,  U“®.  This  isotope  trans¬ 
mutes  spontaneously,  one  half  the 
atoms  present  changing  in  23  min¬ 
utes,  into  an  intermediate  element, 
neptunium,  accompanied  by  the 
emission  of  a  high  speed  electron. 
The  neptunium  thereupon  trans¬ 
mutes  (half-life  2.3  days)  into 
plutonium,  again  with  the  emission 
of  a  high  speed  electron. 

The  plutonium  has  a  half-life  of 
over  1000  years,  that  is,  it  decays 
so  slowly  that  in  effect  it  can  be 
considered  a  stable  element.  When 
its  properties  were  first  investi¬ 
gated,  theoretical  predictions  were 
made  that  plutonium,  like 
would  undergo  fission  when  bom¬ 
barded  with  slow  neutrons.  This 
was  later  proved  to  be  in  case. 
•Thus  for  all  practical  purposes, 
pure  and  plutonium  are  equiva¬ 
lent  as  atomic  explosives,  whereas 
plutonium  is  considerably  easier  to 
produce  and  extract  because  large 
scale  chemical  processes  may  be 
employed.  Moreover,  the  raw 
material  from  which  plutonium  is 
extracted  is  U“*,  which  constitutes 
99.3  percent  of  natural  uranium, 
and  hence  the  plutonium  obtainable 
from  a  given  store  of  metal  is 
potentially  much  greater  than  the 
amount  of  (0.7  percent) 

present. 

All  these  factors  made  plutonium 
production  very  attractive  and 
plans  to  produce  it  on  a  large  scale 
were  drawn  up.  The  scale  of  this 
effort  can  be  estimated  from  the 


fact  that  at  one  time  some  60,000 
people  were  at  work  on  the  site  of 
the  Hanford,  Washington,  pluto¬ 
nium  plant,  and  the  total  area 
under  government  control  is  nearly 
1000  square  miles.  The  tempera¬ 
ture  of  the  Columbia  River  has 
been  raised  an  appreciable  number 
of  degrees  by  the  cooling  water 
discharged  from  the  plant,  which 
consists  of  three  huge  producing 
units  and  associated  chemical 
separation  plants. 

Methods  Used  to  Separate  U-235 

To  insure  a  source  of  separated 
three  plants  were  also  set  up 
in  the  Clinton  Engineering  Dis¬ 
trict  in  Tennessee,  each  plant 
designed  for  a  different  method  of 
isotope  separation.  The  three 
methods  used  are  gaseous  diffu¬ 
sion,  thermal  diffusion,  and  electro¬ 
magnetic  separation  utilizing  the 
principle  of  the  mass  spectrograph. 
The  thermal  diffusion  process  was 
not  used  to  produce  the  end- 
product,  but  rather  to  provide  an 
enriched  form  of  U"""’  to  feed  into 
the  electromagnetic  process. 

The  gaseous  diffusion  plant  was 
planned  in  the  winter  of  1942-43 
and  a  few  sections  went  into  opera¬ 
tion  in  1944.  The  completed  plant 
was  in  full  operation  before  the 
summer  of  1945.  Separation  by 
gaseous  diffusion  is  based  on  the 
fact  that  the  light  molecules  of  a 
gas  mixture  diffuse  more  readily 
through  a  thin  sheet  of  metal  than 
do  the  heavy  molecules.  For  diffu¬ 
sion  to  take  place,  the  sheet 
(known  as  a  barrier)  must  have 
billions  of  tiny  holes  in  it,  none 
of  which  is  larger  in  diameter  than 
0.0000004  inch. 

One  form  of  barrier,  since  im¬ 
proved  upon  greatly,  is  a  thin  sheet 
of  silver-zinc  alloy  etched  with 
hydrochloric  acid.  A  gas  contain¬ 
ing  uranium  (uranium  hexa¬ 
fluoride  was  used  in  the  early  work 
and  other  gases  have  been  investi¬ 
gated)  is  placed  on  one  side  of  such 
a  barrier,  at  atmospheric  pressure, 
and  the  space  on  the  other  side  is 
evacuated.  As  the  gas  diffuses,  the 
lighter  molecules  made  up  of  the 
U““  isotope  pass  through  the  holes 
somewhat  more  readily  so  the  mix¬ 
ture  of  gas  which  accumulates  on 
the  evacuated  side  contains  a 
higher  percentage  of  than  that 


on  the  other  side.  The  enrich¬ 

ment  in  one  such  stage  of  diffusion 
is  very  slight,  amounting  to  about 
0.3  percent  for  UF„  and  not  all 
this  is  realized  due  to  reverse  diffu¬ 
sion.  To  secure  substantially  pure 
hexafluoride  of  the  process 

must  be  repeated  over  and  over 
again,  roughly  4000  separate  stages 
of  diffusion  being  required  to 
achieve  99  percent  purity.  The 
metal  can  then  be  recovered 
from  the  gas  by  conventional 
chemical  processes. 

To  secure  large  amounts  of  U* 
by  this  process  literally  acres  of 
barrier  sheets,  and  thousands  of 
pumps  to  evacuate  the  low-pressure 
side  of  each  stage,  were  required. 
The  steam  power  plant  built  to 
supply  the  power  for  this  purpose 
is  one  of  the  largest  ever  built. 

Thermal  diffusion,  the  second 
method  of  separation,  accomplishes 
separation  of  molecules  of  different 
weight  by  the  effects  of  a  tempera¬ 
ture  gradient.  The  method  had 
been  applied  to  gases  prior  to  1920 
and  had  been  used  successfully  to 
separate  isotopes  in  Germany  in 
1938.  The  process  adopted  at  Clin¬ 
ton  makes  use  of  the  liquid,  rather 
than  gaseous,  phase  of  uranium 
hexafluoride.  The  plant  structure 
is  much  simpler  than  that  required 
for  gaseous  diffusion  and  construc¬ 
tion  was  completed  in  the  summer 
of  1944. 

The  electromagnetic  separating 
plant,  the  first  large-scale  producer 
of  purified  began  operation 

in  1943  in  a  small  number  of  units 
which  were  subsequently  enlarged. 
The  plant  began  large-scale  opera¬ 
tion  at  the  end  of  1944  and  pro¬ 
duced  of  sufficient  purity  for 
use  in  atomic  bombs.  The  principle 
of  operation  is  basically  that  of 
the  mass  spectrograph,  in  which 
positive  ions  of  uranium  are 
accelerated  electrically  to  a  very 
high  speed  and  then  passed  through 
a  transverse  magnetic  field  which 
causes  the  ions  to  move  in  circular 
paths,  the  radii  of  which  are  pro¬ 
portional  to  the  atomic  mass. 

A  diagram  in  these  pages  shows 
the  basic  action  of  such  a  separator. 
The  lighter  ions,  containing  the 
U“®,  *  move  through  an  arc  of 
shorter  radius,  at  the  end  of  which 
is  a  slit  through  which  the  atoms 
pass  to  the  collector.  The  heavy 
atoms  of  U**",  moving  along  another 
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arc,  are  intercepted.  This  elec¬ 
tronic  method  of  purifying  U**  is 
attractive  in  its  simplicity,  but 
prior  to  1941  it  was  not  considered 
suitable  for  large  scale  operations. 
The  limitations  were  the  difficulty 
of  producng  a  large  quantity  of 
gaseous  uranium  ions,  the  wastage 
incident  to  forming  the  ion  beam, 
and  space  charge  effects  in  a  dense 
beam  of  ions,  all  of  which  limited 
the  yield  of  purified  U^. 

The  final  form  of  mass  separator, 
called  a  calutron  (after  California 
University,  where  it  was  devel¬ 
oped),  overcomes  these  limitations 
in  several  respects.  The  space 
charge  is  neutralized  by  ionization 
of  the  residual  gas  in  the  chamber 
:hrough  which  the  ion  beam  passes. 

A  more  copious  source  of  ions  was 
obtained  by  widening  the  slit  of  the 
ion  gun,  and  controlling  the  diver¬ 
gence  of  the  beam  through  space- 
variations  in  the  applied  magnetic 
field.  In  this  way  the  current  in 
the  ionic  beam,  and  hence  the  rate 
of  collecting  separated  U*®®,  were 
vastly  increased.  The  process  was 
applied  experimentally  on  a  large 
scale  by  the  use  of  a  great  many 
calutron  separators  within  the  field 
of  a  single  magnet,  the  largest  in 
existence,  with  circular  pole  faces 
15  feet  across,  and  with  an  air  gap 
of  6  feet.  This  magnet  had  been 
built  for  the  giant  cyclotron  at 
1  Berkeley  but  was  converted  and 
used  in  the  development  of  the 
calutron.  In  the  final  production 
system  a  number  of  magnets,  each 
containing  many  separators  in  its 
air  gap  were  set  up  at  the  Clinton 
works  and  fed  with  power  from 
the  TV  A  system. 

Although  the  report  makes  no 
mention  of  the  fact,  newspaper  re¬ 
ports  indicate  that  28  million 
pounds  of  silver  were  borrowed  from 
the  U.  S.  Treasury  to  wind  the  coils 
for  these  magnets,  because  copper 
was  not  available.  The  silver  also 
had  lower  losses,  and  would  be  re¬ 
coverable  at  the  end  of  the  project. 

Another  electronic  device  for 
reparation  is  the  isotron.  This 
tube  employs  the  principle  of  the 
Wystron,  bunching  ions  by  velocity 
modulation  of  the  ionic  beam.  A 
source  of  positive  ions  (an  area 
than  the  slit  of  the  calutron, 
mid  hence  carrying  more  material) 
m  accelerated  to  high  velocity  by 
application  of  a  steady  high-voltage 


electric  field.  Since  the  ionic 
velocity  is  inversely  proportional 
to  the  square  root  of  the  mass,  the 
U®*  ions  reach  higher  velocities 
than  the  U®“  atom.  Superimposed 
on  the  steady  accelerating  voltage  is 
a  sawtooth  wave  of  voltage  which 
causes  the  ionic  velocity  to  be 
modulated,  and  the  stream  of  ions 
is  thus  bunched  in  the  same  manner 
as  the  electron  beam  in  a  klystron. 
Since  the  two  forms  of  ions  are 
traveling  at  different  speeds,  the 
U*®  and  U®*  bunches  occur  at  dif¬ 
ferent  positions  along  the  axis  of 
the  tube.  Hence  separation  of  the 
ions  is  achieved  along  the  ion  beam. 

To  collect  the  U*“  ions,  it  is 
necessary  to  transmit  them  to  a 
collector  plate  without  at  the  same 
time  collecting  the  bunches. 
The  separation  is  carried  out  by  a 
transverse  electric  field,  synchro¬ 
nized  with  the  sawtooth  bunching 
field,  and  timed  so  as  to  deflect  the 
U®*  bunches  as  they  arrive.  The 
field  is  cut  off  as  the  U“  bunches 
pass.  Hence  this  component  of  the 
ion  beam  passes  undeflected  to  a 
collector  plate.  While  this  device 
produced  partially  separated  sam¬ 
ples  of  U“®,  it  was  not  deemed  as 
useful  as  the  other  separation 
methods  and  its  large-scale  appli¬ 
cability  to  large  scale  processes  was 
not  investigated. 

Another  electronic  means  of 
separation,  based  on  the  principle 
of  the  magnetron,  was  investigated 
but  not  developed  to  the  point  of 
large  scale  use.  This  device, 
known  as  the  ionic  centrifuge, 
operates  on  the  principle  of  whirl¬ 
ing  an  ionic  beam  in  a  transverse 
magnetic  field. 

Production  of  Plutonium 

The  reaction  producing  pluto¬ 
nium  has  already  been  described. 
In  the  production  of  plutonium  the 
problem  was  to  achieve  a  control¬ 
lable  chain  reaction  such  that  plu¬ 
tonium  could  be  produced  at  a  con¬ 
tinuous  rate  from  uranium  metal 
without  danger  of  an  atomic  explo¬ 
sion.  The  solution  to  this  prob¬ 
lem  is  a  structure  known  as  a 
chain-reacting  pile,  consisting  of 
rods  of  uranium  sealed  in  alumi¬ 
num  jackets  and  inserted  in  a  large 
block  of  graphite.  The  heat  pro¬ 
duced  in  the  reaction  is  removed 
by  passing  water  through  the  pile, 
between  the  uranium  rods  and  the 


graphite.  Control  rods  of  inert 
material  are  inserted  in  the 
graphite  and  moved  in  or  out  of  the 
pile  by  remote  control  so  that  the 
neutron  production  may  be  speeded 
up  or  slowed  down  as  the  reaction 
proceeds.  The  positions  of  the  con¬ 
trol  rods  are  adjusted  automatically 
so  that  the  neutron  multiplication 
factor  remains  at  unity.  The  chain 
reaction  is  thereby  stabilized  and 
proceeds  at  a  constant  rate,  and 
the  U”*  in  the  uranium  metal  is 
continuously  transformed  into  plu¬ 
tonium. 

Two  processes  occur  simulta¬ 
neously  in  the  pile :  the  U®*  present 
undergoes  fission  in  a  chain  reac¬ 
tion  (the  amount  of  uranium  pres¬ 
ent  is  large  enough  in  the  presence 
of  the  graphite  to  support  such  a 
reaction)  and  the  fission  of  the 
U®*  provides  a  continuous  supply 
of  fast  neutrons.  These  are  slowed 
down  in  the  graphite.  Some  of 
these  slow  neutrons  enter  the  re¬ 
maining  U®®  to  maintain  the  chain 
reaction,  while  others,  of  suitable 
speed,  are  absorbed  by  the  U®* 
present,  thereby  initiating  the  plu¬ 
tonium  reaction  previously  de¬ 
scribed.  As  the  reaction  proceeds, 
the  U®®  is  transmuted  to  a  number 
of  fission  products,  the  U®*  yields 
an  increasing  amount  of  plutonium, 
and  a  great  deal  of  heat  is  liber¬ 
ated.  When  the  reaction  has  pro¬ 
ceeded  to  a  safe  limit,  the  control 
rods  are  manipulated  to  stop  the 
reaction  and  the  aluminum  jackets, 
now  containing  U®®,  U"*,  plutonium 
and  fission  products,  are  removed 
from  the  pile  and  transported  to 
the  chemical  separation  plant. 

The  separation  is  accomplished 
in  huge  concrete  troughs  or 
canyons.  The  contents  of  the 
aluminum  jackets  are  dissolved  and 
the  plutonium  precipitated  from 
the  solution  in  the  form  of  an  oxide 
salt.  By  successive  precipitations 
of  different  oxides,  the  plutonium  is 
removed  from  the  uranium  as  well 
as  from  the  fission  products,  which 
comprise  some  20  elements,  all  vio¬ 
lently  radioactive.  The  separated 
plutonium  oxide  is  then  reduced 
to  produce  the  pure  metal.  Three 
piles,  operating  at  a  power  level 
in  the  hundreds  of  thousands  of 
kilowatts  (a  measure  of  the  heat 
produced  by  the  reaction)  were  in 
operation  during  the  summer  of 
1945  at  the  Hanford  plant. — D.  G.  F. 
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CRACK  DETECTOR  for 


Cracks  in  metal  wire,  bars,  and  tubing,  passed  through  the  field  of  the  inductor  of  one 
of  two  oscillators,  change  the  beat  frequency.  Beat  voltages  are  rectified  to  operate  a  meter, 
a  neon  tube  and  a  relay.  Cracks  are  marked  by  paint  sprayer  when  relay  closes 


By  JOHN  H.  JUPE 

Enfield,  England 


Determination  of  the  quality 
of  a  metal  product  has  fre¬ 
quently  been  a  laborious  process 
where  it  has  been  necessary  to  rely 
on  fatigue  tests  and  the  study  of 
microsections  of  samples.  Such  pro¬ 
cedure  is  slow  and  costly  and  con¬ 
ducive  to  waste  in  production.  A 
solution- to  the  problem  of  produc¬ 
tion  testing,  at  high  speed,  for 
cracks  in  metal  wire,  tubing  and 
bars  is  based  on  the  electrical  char¬ 
acteristics  of  the  metal  under  test. 
A  compact  electronic  instrument 
has  been  designed  for  this  purpose 


by  Salford  Electrical  Instruments, 
Ltd.,  a  subsidiary  of  General  Elec¬ 
tric  Company,  Ltd.,  of  England. 


Basic  Principle 

It  is  well  known  that  the  depth 
of  penetration  of  r-f  current  in  a 
conductor  is  related  to  frequency, 
permeability  and  conductivity.  The 
decay  of  current  toward  the  center 
of  the  conductor  is  exponential  and 
can  be  compared  to  a  transmission 
line,  where  the  attenuation  constant 
gives  a  measure  of  the  decay  in  cur¬ 
rent  at  the  end.  In  practice,  where 
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FIG.  I — Depth  D  of  crack  is  graphically  represented  os  a  function  of  frequency 


depth  is  concerned,  it  is  sufficiently 
accurate  to  take  the  depth  of  cur¬ 
rent  as  being  the  point  where  at¬ 
tenuation  occurs  to  the  extent  of 
one  neper  (8.686  db). 

Depth  of  current,  in  thousandths 
of  an  inch,  for  one  neper  loss,  is 
given  by  the  formula 


=  1.98  V? 


where  /  =  frequency 

=  permeability 
a  =  resistivity  in  microhms 
per  cu  cm 

Figure  1  shows  a  graph  which 
has  been  calculated  for  copper  at 
60  F,  steel  at  60  F  and  steel  at  the 
Curie  point.  Of  course,  the  depth 
of  current  will  vary  with  /x  and  a 
but  in  general,  variations  in  mag¬ 
netic  materials  are  sufficiently  nar¬ 
row  to  assume  a  uniform  depth  of 
current  at  one  frequency  for  low 
values  of  magnetic  field  strength. 
Slight  variations  of  conductivity 
(the  only  variable  in  the  case  of 
non-magnetic  materials)  cause  lit¬ 
tle  difference  in  the  depth  of  cur¬ 
rent,  which  is  proportional  to  the 
square  root  of  the  conductivity. 


Simulatts  TraRsfernitr 


The  above  theory  is  applied  in 
the  new  instrument  by  first  arrang¬ 
ing  a  coil  to  induce  eddy  currents  in 
the  sample  at  right  angles  to  the 
axis.  Then,  if  the  frequency  is  such 
that  the  current  penetration 
deeper  than  the  deepest  crack,  the 
effect  will  be  to  provide  a  short-cir¬ 
cuited  turn  and  an  effective  van- 
able  resistance  in  the  coil,  which 
will  act  like  the  secondary  of  » 
transformer  transferring  its  loa^ 
to  the  primary.  If  the  oscillator  fr®” 
quency  is  now  measured,  using  > 
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PRODUCTION  TESTING 


FIG,  2 — Complete  circuit  oi  the  radio-frequency  crack  detector.  Materials  to  be  tested  are  introduced  into  the  field  of  the  inductor 
in  the  measuring  head.  Cracks  in  the  material  act  like  shorted  turns,  changing  the  inductance  and  hence  the  beat  frequency  pro¬ 
duced  in  the  mixer 


crack-free  sample  to  act  like  a 
short-circuited  turn,  the  frequency 
will  be  found  to  change  because  of 
the  change  in  the  oscillator  induct¬ 
ance  when  a  crack  enters  the  field 
of  the  coil. 

A  portion  of  the  oscillator  volt¬ 
age  is  taken  and  passed  through 
filter  circuits  and  an  indicating  in¬ 
strument  so  that  a  variation  in  fre¬ 
quency,  caused  by  a  crack,  has  the 
effect  of  causing  a  large  variation 
in  output  voltage  as  shown  on  a 
meter.  To  avoid  worker  fatigue 
and  to  insure  against  missing  short 
flicks  of  the  meter  pointer  a  neon 
lamp  flashes  at  the  same  time. 

The  fact  that  cracks  are  rarely 
uniform  in  depth  for  more  than  a 
fraction  of  an  inch,  or  may  be  full 
of  oxide,  has  not  been  found  to  be 
serious  in  operation  of  the  instru¬ 
ment  but  should  be  borne  in  mind 
when  attempting  to  take  a  micro¬ 
section  on  a  sample. 

The  crack  detector  is  capable  of 
giving  indications  of  cracks  from 
0.0005  to  0.25  inch  deep.  The  lower 
limit  is  set,  not  by  the  apparatus 
l>ut  by  the  surface  condition  of  the 
^mple.  Material  from  0.125  to  0.5 
Iflch  and  from  0.5  to  6.0  inches  in 
fliameter  can  be  tested  in  two  stand¬ 
ard  instruments. 


Figure  2  shows  a  schematic  of 
the  equipment.  The  method  of  op¬ 
eration  is  as  follows:  The  sample 
to  be  tested  passes  through  the  in¬ 
ductance  of  an  oscillator  in  the 
measuring  head,  which  is  beating 
against  a  fixed  frequency  oscillator. 
The  resultant  output  is  mixed  in 
the  pentagrid  tube.  Audio  output  is 
amplified  by  the  first  stage  and 
passed  into  a  limiter,  which  feeds 
a  square-wave  output  to  the  diode 
frequency-measuring  circuit.  An¬ 
other  diode  takes  the  rectified  d-c 
and  operates  a  neon  tube  and  relay 
in  the  anode  circuit  of  the  final 


pentode.  The  function  of  the  neon 
tube  is  to  provide  a  quick  indica¬ 
tion  of  a  crack  when  material  is 
being  tested  at  a  high  speed. 

The  neon  tube  can  be  made  to 
fire  at  any  predetermined  depth  of 
crack  by  adjustment  of  the  poten¬ 
tiometer  in  the  grid  circuit  of  the 
pentode.  To  make  the  operation  en¬ 
tirely  automatic,  the  relay  in  the 
anode  circuit  of  the  last  pentode 
operates  a  small  compressed-air 
paint  sprayer,  which  marks  the 
faulty  material  over  the  crack. 
The  relay  is  adjusted  to  close  when 
the  neon  tube  fires. 
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FIG.  3 — Inter-relation  of  circuit  iunctioni  U  illustrated  by  this  block  diagram 
of  the  crack  detector 
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Design  of  STABLE 


FIG.  1 — Examples  of  variable  capacitors  designed  to  compensate  the  tem¬ 
perature  coefficient  of  coils  in  heterodyne  oscillators,  and  midget  ceramic 
capacitors  used  to  compensate  small  fixed  values  of  capacitance  in  the  tuning 

capacitors 


The  principles,  factors,  and 
methods  discussed  herein  have 
been  successfully  applied  in  the  de¬ 
sign  of  heterodyne  oscillators  for 
certain  commercial  equipment. 
Variation  of  frequency  with  tem¬ 
perature  can  be  brought  down  to 
a  consistently  low  value  of  less  than 
10/10V'’C  (ten  parts  per  million 
per  degree  centigrade)  over  the 
normal  tuning  range  of  something 
more  than  2  to  1  in  oscillator  fre¬ 
quency,  without  resort  to  special 
treatment  of  individual  oscillator 
assemblies,  by  employing  a  care¬ 
fully  designed  variable  capacitor 
like  those  shown  in  Fig.  1. 

The  electrical  circuit  of  the  het¬ 
erodyne  oscillator  under  considera¬ 
tion  employed  a  conventional  Hart¬ 
ley  oscillator  arrangement,  as  shown 
in  Fig.  2.  The  frequency-determin¬ 
ing  elements  that  are  affected  by 
temperature  are  (1)  the  inductance 
coil  L,  (2)  the  variable  capacitor  C, 
(3)  the  interelectrode  capacitances 
in  the  tube,  its  base,  and  its  socket, 
and  (4)  resistance  values,  stray 
capacitances  from  wiring  to 
grounded  chassis,  etc.  The  main 
•elements  will  be  treated  separately. 

iRdiictance  Ceil 

For  high-frequency  oscillators  to 
cover  a  receiver  range  of  from 
about  4  me  to  25  me,  the  coil  nor¬ 


mally  will  be  of  bare  copper  wire 
wound  on  a  form  made  of  insulat¬ 
ing  material.  Except  where  special 
means  are  employed  to  wind  the 
wire  under  tension  and  to  anchor 
both  ends  in  such  a  manner  as  to 
retain  this  tension,  the  wire  nor¬ 
mally  will  be  sufficiently  loose  on 
the  form  so  that  its  expansion  and 
contraction  is  essentially  independ¬ 
ent  of  that  of  the  insulating  form. 
The  diameter  of  the  copper-wire 
coil  therefore  has  a  temperature 
coefficient  of  expansion  of  plus 
14/107°C.  The  resultant  variation 
of  inductance  is  plus  28/10V°C  and 
that  of  frequency  is  minus  14/10* 
°C.  Lengthwise  expansion  and 
contraction  of  the  insulating  form 
has  a  much  lesser  effect,  and 
ordinarily  may  be  disregarded. 

While  it  is  possible  to  reduce  or 
compensate  the  temperature  coeffi¬ 
cient  of  inductance  of  the  coil  as¬ 
sembly,  such  njethods  generally  are 
not  practical  for  quantity  produc¬ 
tion.  They  are  apt  to  be  fussy,  ex¬ 
pensive,  and  none  too  reliable  over 
a  long  period  of  time  and  under 
usual  conditions  or  procedures  of 
maintenance  and  repair.  It  there¬ 
fore  seems  preferable  to  make  a 
good  substantial  and  low-loss  coil, 
preferably  on  a  ceramic  form,  hav¬ 
ing  a  reliably  uniform  and  constant 
temperature  coefficient  of  induc- 
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tance.  As  stated  above,  that  should 
be  about  28/10V°C,  giving  a  fre¬ 
quency  variation  of  minus  14/10' 
/°C. 

Variable  Capacitor 

The  variable  capacitor  is  the  ele¬ 
ment  that  can  be  expected  to  give 
most  of  the  trouble.  Various  types 
tested  have  given  overall  frequency 
variations  vs  temperature  that  vary 
widely  in  magnitude.  In  some  cases 
the  variations  are  plus  and  in  some 
cases  they  are  minus.  The  major 
problem,  therefore,  is  to  obtain  a 
design  of  variable  capacitor  that 
can  be  produced  under  factory  con¬ 
ditions  and  yet  will  have  a  uniform 
temperature  coefficient  of  capaci¬ 
tance  of  the  desired  sign  and  mag¬ 
nitude. 

Instead  of  attempting  to  analyze 
any  specific  type  of  commercially 
available  capacitor  of  conventional 
construction,  let  us  point  out  the 
basic  factors  and  solutions.  Their 
practical  application  will  depend 
upon  the  specific  design  problem  or 
equipment. 

In  Table  I  are  listed  approximate 
values  of  the  linear  coefficients  of 
thermal  expansion,  expressed  in 
parts  per  million  per  degree  centi¬ 
grade,  for  various  materials  that 
enter  into  the  construction  of  vari¬ 
able  capacitors. 

Plate  Area  Problem 

The  most  obvious  fact  is  that  the 
area  of  the  interleaved  metal  plates 
of  the  variable  capacitor  will  in¬ 
crease  with  increasing  tempera¬ 
tures,  and  vice  versa.  For  alu¬ 
minum  plates,  the  increase  in  area, 
and  therefore  in  capacitance,  would 
be  approximately  48/10V‘’C.  This 
would  add  to  the  change  in  oscilla¬ 
tor  frequency  produced  by  the  co¬ 
efficient  of  inductance  of  the  coil 
Obviously  this  is  not  what  is  needed. 
We  should  have  a  capacitor  that 
will  provide  a  negative  rather  than 
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Methods  of  eliminating,  minimizing,  or  compensating  the  temperature-produced  changes 
that  affect  frequency.  Overall  oscillator  stability  of  better  than  10  parts  per  million  per 
degree  C  over  a  2-to-l  tuning  range  at  24  me  can  be  obtained  in  production 


a  positive  temperature  coefficient  of 
capacitance.  This  then  will  com¬ 
pensate  for  the  inductance  varia¬ 
tion. 

Further  inspection  of  the  tabu¬ 
lated  figures  will  show  that  Invar 
—a  special  36  percent  Ni  nickel- 
steel— has  an  almost  negligible  co¬ 
efficient  of  thermal  expansion.  In¬ 
var,  copper-plated  to  provide  good 
electrical  conductivity,  would  seem 
to  be  the  metal  to  use  for  the  plates 
of  the  variable  capacitor.  This  is 
a  satisfactory  partial  answer,  pro¬ 
vided  such  copper-plated  Invar 
plates  are  supported  at  essentially 
one  point — as  in  the  rotor  assembly. 
If  supported  at  two  or  more  points 
in  a  framework  composed  of  other 
metals  or  of  insulating  materials, 
the  difference  in  coefficients  of  ther¬ 
mal  expansion  will  cause  such 
plates  to  buckle  and  thereby  change 
the  spacing  between,  say,  stator  and 
rotor  plates.  This  buckling  is  very 
slight,  but  we  are  dealing  in  terms 
of  parts  in  a  million.  That  means, 
in  this  case,  millionths  of  an  inch. 

If  we  make  the  rotor  plates  of 
Invar,  and  so  arrange  the  stator 
plates  that  their  expansion  toward 
the  central  shaft  is  compensated  by 
their  being  bodily  shifted  away 
from  the  central  shaft  because  of 
expansion  of  the  supporting  end 


plates,  we  find  that  the  area  of  di¬ 
electric  (air)  included  between  the 
interleaved  rotor  and  stator  plates 
then  remains  constant.  The  method 
of  accomplishing  this  will  depend  on 
the  general  mechanical  design  of 
the  variable  capacitor.  Reference  to 
Table  I  will  show  that  one  possible 
combination  is  to  have  supporting 
end-plates  of  Isolantite  and  stator 
plates  of  42  percent  Ni  nickel-steel, 
because  these  two  materials  have 
nearly  identical  coefficients  of  ther¬ 
mal  expansion. 

Plate  Spacing  Problem 

We  now  have  an  area  of  active 
air  dielectric  which,  instead  of  vary¬ 
ing  with  temperature,  remains  con¬ 
stant.  This  is  a  step  in  the  right 
direction.  But  how  about  the  thick¬ 
ness  of  the  dielectric — the  spacing 
between  rotor  and  stator  plates?  If 
that  varies  in  either  an  undesirable 
or  an  unpredictable  manner  with 
variations  in  temperature,  the  over¬ 
all  temperature  coefficient  of  capaci¬ 
tance  still  will  not  be  what  is  re¬ 
quired. 

In  order  to  compensate  for  the 
plus  temperature  coefficient  of  in¬ 
ductance  of  the  coil,  the  coefficient 
of  capacitance  of  the  variable  tun¬ 
ing  capacitor  should  be  negative. 
This  can  be  attained  by  mounting 


rotor  plates  and  stator  plates  on,  let 
us  say,  brass  supporting  and  spac¬ 
ing  members.  A  built-up  pile  of 
plates  and  spacing  washers  is  un¬ 
desirable,  because  of  the  various 
uncertainties  introduced  by  such  a 
construction.  A  preferable  design, 
from  the  viewpoint  of  reliability 
and  reproduceability,  is  one  in 
which  the  plates — Invar  for  rotor 
and  possibly  42  percent  Ni  nickel- 
steel  for  stator — are  soldered  into 
annular  grooves  machined  into  the 
surface  of  the  brass  sleeve  (rotor) 
or  pillar  (stator)  used  as  a  sup¬ 
porting  and  spacing  member.  This 
insures  that  the  linear  expansion 
of  the  rotor  assembly  and  of  the 
stator  assembly,  in  the  direction  of 
the  axis  of  the  main  shaft,  will  be 
identical.  Spacing  between  the 
rotor  and  stator  plates  thus  is  main¬ 
tained  uniform,  regardless  of  tem¬ 
perature  variations,  throughout  the 
length  of  the  rotor  and  stator  as¬ 
sembly.  These  brass  supporting 
members  produce  a  uniform  linear 
expansion  of  approximately  18/10* 
/°C.  This  uniformly  increases  the 
air  spacing  between  rotor  and 
stator  plates  by  a  coefficient  greater 
than  that  of  the  brass  itself,  be¬ 
cause  of  the  lesser  coefficient  of  ex¬ 
pansion  of  the  sheet  stock  of  which 
the  rotor  and  stator  plates  are 
made.  The  net  coefficient  obviously 
depends  upon  the  coefficients  of  the 
several  metals  used,  and  also  upon 
the  ratio  of  metal  plate  thickness 
to  air  gap. 

Example  of  Capacitor  Design 

A  numerical  illustration  will  aid 
in  understanding  the  foregoing.  As- 
.sume  a  rotor  plate  of  Invar  having 
a  thickness  of  30  mils  (0.030  inch), 
a  stator  plate  of  42  percent  Ni 


'f'  .  '  u'Xf-kC  "'/''a 

t  •' 

'  \m 

OUTPUT  T0/'%''  ' ' 

heterodyne 

f - r — ' 

o  "  V 

o>  1  "  ' 

^  B+ 

O  '  V 

A ,  1 

,c  4  y 

\  A  ir 

•'  SMALLXOMPENSATIN 
•  CAPACITORS, 

'  A 

FIG.  2 — Hartley  oscillator  arrangement  employed  in  the  heterodyne  oscillator 
under  consideration 


electronics  —  October  1945 


117 


nickel  steel  having  a  thickness  of 
30  mils,  and  an  air  gap  of  40  mils. 
This  gives  a  total  spacing  between 
centers,  of  either  rotor  or  stator 
plates,  of  140  mils  (15  plus  40  plus 
30  plus  40  plus  15).  Expansion  of 
the  brass  is  0.140  x  18  x  lO"*  inch 
per  degree  C.  Expansion  in  thick¬ 
ness  of  a  single  rotor  plate  is  ap¬ 
proximately  0.030  X  1  X  10  *.  That 
of  a  single  stator  plate  is  approxi¬ 
mately  0.030  X  7  X  10  *  inch  per  de¬ 
gree  C.  The  increase  for  two  air 
gaps  totalling  40  mils  is,  therefore, 
2.52  -  (0.03  +  0.21)  or  2.28  x  10  * 
inches  per  degree  C.  This  gives  a 
resultant  coefficient  of  28.5/10*/®C 
instead  of  only  18/10*/°C  which 
might  erroneously  have  been  ex¬ 
pected. 

The  resulting  thermal  coefficient 
of  capacitance  is  — 28.5/10*/°C. 
Note  that  this.is  almost  numerically 
equal  to  the  thermal  coefficient  of 
inductance  of  the  coil,  but  is  op¬ 
posite  in  sign.  The  two  therefore 
will  compensate  each  other. 

In  order  to  insure  the  above  ac¬ 
tion,  it  is  essential  that  the  uni¬ 
form  linear  expansion  of  rotor 
sleeve  and  stator  pillar  start  from 
a  common  reference  point  or  plane. 
If  the  brass  pillars  supporting  the 
stator  plates  start  from  a  common 
end  frame  or  insulating  plate,  but 
the  brass  sleeve  carrying  the  rotor 
plates  is  fastened  to  a  steel  main 
shaft  by  means  of  a  setscrew  located 
about  i  inch  from  the  end  frame 
or  insulating  plate,  the  differential 
in  expansion  between  i  inch  of 
brass  (stator  support)  and  i  inch 
of  steel  r  rotor  shaft)  upsets  mat¬ 
ters.  The  trouble  must  be  rem¬ 
edied  by  the  insertion  of  i  inch 
of  steel  in  the  brass  pillars  that 
support  the  stator. 

That  takes  care  of  the  variable 
portion  of  the  tuning  capacitor.  In 
addition,  though,  there  generally 
are  small  fixed  values  of  capaci¬ 
tance  having  both  air  and  solid  di¬ 
electric.  Published  data  show  that 
the  dielectric  constants  of  por¬ 
celains,  Isolantite,  etc,  have  ex¬ 
tremely  high  thermal  coefficients. 
These  may  run  as  high  as  500/10“ 
/®C  or  more.  A  very  few  micro¬ 
microfarads  of  stray  capacitance 
through  such  a  solid  dielectric  can, 
therefore,  introduce  a  serious  varia¬ 
tion  at  the  lower  values  of  total 
capacitance  used  at  the  high-fre¬ 
quency  end  of  the  tuning  range. 


TABLE  I.  LINEAR 

COEFFICIENTS  OF 

1  THERMAL  EXPANSION  1 

Material 

Coeiiicient 

Aluminum 

24/10*/®C 

Brass 

18/10«/°C 

Copper 

14/10«/°C 

Invar  (36%  Ni  Steel) 

0.9/10‘/°C 

Isolantite 

7,/10»/'^C 

Nickel-steel  (42%  Ni) 

7/}0‘/°C 

Steel 

10/»0e/°C 

This  is  most  satisfactorily  taken 
care  of  by  the  addition  of  a  small 
fixed  capacitor,  such  as  a  Cera- 
micon,  which  will  give  the  re¬ 
quired  micromicrofarads  compensa¬ 
tion — say  1000  x  10‘“ — per  degree 
Centigrade. 

It  is  only  by  such  separate  treat¬ 
ment  of  the  variable  and  fixed  por¬ 
tions  of  the  main  tuning  capacitor 
that  the  desired  result  can  be  most 
closely  approximated  in  a  consistent 
and  reliable  manner.  It  will  be  ap¬ 
parent  that  a  combination  of  pro¬ 
portional  compensation  and  fixed 
compensation — for  the  variable  and 
the  fixed  portions  of  the  total  tun¬ 
ing  capacitance — can  not  provide 
perfect  compensation  of  the  varia¬ 
tion  of  inductance  of  the  coil.  The 
amount  of  fixed  capacitance  com¬ 
pensation  to  be  used,  therefore,  is 
somewhat  of  a  compromise.  Actu¬ 
ally,  however,  the  frequency  of  the 
complete  oscillator  can  be  compen¬ 
sated  to  within  a  few  parts  per 
million  per  degree  C  over  a  fre¬ 
quency  range  of  two  to  one. 

Tube  and  Miscellaneous  Capacitances 

Inter-electrode  capacitances  in 
the  oscillator  tube,  capacitances  in 
tube  base  and  socket,  and  other 
miscellaneous  stray  capacitances  in 
the  oscillator  circuit  and  to  ground 
generally  have  an  overall  tempera¬ 
ture  coefficient  of  capacitance  that 
is  plus  in  sign.  They  therefore  are 
compensated  by  use  of  a  small  com¬ 
pensating  capacitance  that  provides 
capacitance  compensation  of  per¬ 
haps  —  1000  X  10  ”  fijjif  per  degree 
C.  The  value  required  must  be  de¬ 
termined  experimentally  for  any 
particular  design. 

General  Considerations 

General  mechanical  construction 
of  all  components  and  of  the  mount¬ 
ings  and  wiring  must  be  of  good 
design  and  rigidity.  Clearance  be¬ 
tween  high-potential  r-f  points  in 


the  circuit  and  ground  should  be 
reasonably  large. 

In  special  experimental  assem¬ 
blies  it  has  been  possible  to  obtain 
a  temperature  coefficient  of  fre- 
quency  of  some  2/10*/°C  or  less, 
over  a  frequency  range  of  approxi¬ 
mately  two  to  one  in  the  high-fre¬ 
quency  region  up  to  24  me. 

Production  units  employing  the  1 
oscillator  design  described  can  be  i 
expected  to  have  temperature  coef¬ 
ficients  of  frequency  that  will  be  . 
consistently  less  than  10/10*/®C. 

ApplieatioBs 

In  radio  receiving  equipment  in¬ 
tended  for  commercial  use,  such  as 
in  transoceanic  radiotelegraph  serv¬ 
ices,  the  problem  of  frequency  sta¬ 
bility  is  becoming  of  greater  and 
greater  importance  as  channel 
widths  and  spacings  are  reduced  in 
an  attempt  to  provide  the  large 
number  of  separate  communication 
channels  desired.  In  some  cases, 
crystal  oscillators  have  been  em¬ 
ployed.  These  are,  however,  of  use 
only  for  reception  on  a  few  fixed 
frequencies.  Where  it  is  necessary 
to  be  able  to  tune  in  any  one  of  a 
large  number  of  signals  quickly, 
over  a  wide  range  of  frequencies,  ! 
the  simplest  solution  appears  to  be 
the  use  of  a  highly  stable  oscillator 
of  the  continuously  variable  type. 

It  is  then  that  design  considera¬ 
tions  aimed  at  reducing  the  temper¬ 
ature  coefficient  of  frequency  of  the 
r-f  heterodyne  oscillator  become 
questions  of  major  importance. 

As  an  example,  consider  the  case 
of  operation  at  an  r-f  carrier  fre¬ 
quency  of  10,000  kc  and  with  an  i-f 
pass  band  of  1  kc  total  or  plus  and 
minus  0.5  kc.  If  the  frequency  of 
the  local  heterodyne  oscillator  drifts 
0.5  kc,  which  at  10,000  kc  is  only 
50  parts  per  million,  the  signal  will 
be  at  the  edge  of  the  pass  band  of 
the  receiver.  An  uncompensated 
oscillator  may  easily  drift  this  much 
with  a  change  in  ambient  (room)  ] 
temperature  of  only  one  degree  C 
or  approximately  two  degrees  F.  A 
well-constructed  oscillator  having  a 
low  temperature  coefficient  of  fre* 
quency  will,  however,  permit  of  five 
to  ten  times  as  great  a  change  in  the 
ambient  temperature.  It  therefore 
will  take  care  of  the  temperature 
variations  normally  expected  in  any 
installation  at  which  operating 
sonnel  are  in  attendance. 
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By  DAN  HUNTER 


Chief  Engineer,  Station  WMAL 
Washington,  D.  C. 


FIG.  2 — Essential  elements  of  the  auto¬ 
matic  iader  system 


The  device  to  be  described  auto¬ 
matically  fades  a  program 
either  completely  or  partially  in  or 
out,  at  predetermined  rates,  with¬ 
out  the  use  of  motors.  The  only 
moving  parts  consist  of  three  re¬ 
lays,  and  individual  fade-in  and 
fade-out  timing  is  easily  adjusted. 

The  automatic  fader  is  used  to 
fade  the  nemo,  a  remote  or  net¬ 
work  program  for  a  local  broadcast, 
or  to  join  a  remote  or  network 
program  already  under  way.  In  the 
studio,  it  is  also  convenient  for  an¬ 
nouncing  a  remote  program.  These 
operations  involve  strict  coopera¬ 
tion  between  the  master-control 
operator  and  the  announcer  unless 
the  program  is  routed  through  a 
studio  having  a  studio  operator. 
This  close  cooperation  demands  the 
type  of  attention  very  difficult  to 
achieve  in  any  master  control. 

Circuit 

The  automatic  fader  was  designed 
to  operate  from  the  nemo  and  an¬ 
nounce  tally  lights  plus  an  installed 
fade  key  and  tally.  As  shown  in 
Fig.  1,  the  fader  is  essentially  an 
amplifier  adjusted  for  zero  gain, 
with  time-delayed  bias  for  control. 
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The  amplifier  tube  is  biased  to  cut¬ 
off  for  complete  fade-out,  at  an  in¬ 
termediate  point  for  partial  fade- 
out  or  in,  and  normal  for  complete 
fade-in.  The  bias  is  obtained  from 
the  two  potentiometers  in  the 
bleeder  circuit. 

Two  variable  timing  controls  are 
included  (slotted  shaft  for  screw¬ 
driver  adjustment),  one  for  com¬ 
plete  fadeout  and  one  for  complete 
fade-in.  Timing  of  a  complete  fade 
is  adjustable  from  1  to  fifteen  sec¬ 
onds.  The  timing  for  the  back¬ 
ground  level  or  partial  fade  is  fixed 
at  approximately  two  seconds. 

The  6C5  is  operated  at  a  plate 
current  of  0.5  to  0.6  ma  to  obtain  a 
smooth  fade.  This  quiescent  point 
places  the  operation  of  the  tube 
slightly  above  the  point  where  the 
amplification  begins  to  vary.  This 
imposes  a  definite  limitation  on  the 
maximum  permissible  input  level 
at  which  the  fader  may  be  operated 
without  distortion.  The  input  is 
10,000  ohms  bridging,  while  the 
output  is  500  ohms.  The  fader  and 
its  power  supply  were  mounted  on 
3.5-in.  rack-mounting  panels. 

At  WMAL,  the  fader  is  in  the 
nemo  circuit,  as  shown  in  the  block 


diagram  of  Fig.  2.  The  input  of 
the  fader  is  bridged  across  the  nemo 
line  and  the  fade  relay  switches 
either  the  nemo  or  the  fader  to  feed 
the  equipment.  This  switching  can 
be  done  any  time  during  a  program 
provided  a  relay  with  grounding  re¬ 
sistors  is  used.  At  WMAL  an  Auto¬ 
matic  Electric  relay  is  used,  with 
50,000-ohm  resistors  from  all  con¬ 
tacts  to  ground. 

The  relay  L-2  which  gives  com¬ 
plete  fades  obtains  its  battery  from 
the  nemo  tally  light.  This  was  done 
so  that  the  fader  would  always  be 
ready  to  perform.  If  the  nemo  is 
down,  the  fader  is  ready  to  fade  in 
and  vice  versa. 

The  partial  fade  or  background- 
level  relay  Li  connects  to  the  bat¬ 
tery  supplying  the  announce  tally 
through  a  contact  on  relay  La.  This 
allows  a  background  level  only  when 
both  announce  and  nemo  are  set  up. 
Since  the  tally  lights  and  set-up 
buttons  are  on  the  announcers 
switching,  console,  (delite),  the 
fade  key  and  tally  were  also  placed 
on  the  delite.  This  enables  the  an¬ 
nouncer  to  completely  fade  in  or 
out  a  program  or  announce  over  a 
background  level  without  an  op¬ 
erator. 

Operation 

If  a  fade  is  desired,  the  fade  key 
is  turned  on;  the  fade  tally  gives 
indication.  When  nemo  is  released, 
the  program  is  faded  out,  or  if 
nemo  is  set  up,  the  program  is 
faded  in.  If  announce  is  set  up  at 
the  same  time,  then  the  program  is 
either  faded  in  or  out  but  to  a  back¬ 
ground  level. 

It  was  found  that  a  partial  fade 
of  10  db  of  tone  (500  cycles)  gave  a 
good  background  level.  The  level  is 
adjustable  to  —58  db  when  using 
the  circuit  shown  in  Fig.  1. 
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FIG.  1 — Vacuum-tube  circuit  for  complete  or  portial  automatic  fading  of  programs 


MICROWAVE 


Propagation  characteristics  of  the  super  high  frequencies  are  ideally  suitable  for  short- 
range  communications  services.  Systems  can  effectively  use  highly  directional  antennas 
and  low  power.  Stability  may  be  as  good  as  in  any  other  part  of  the  radio  spectrum. 

Transmitter  and  receiver  design  is  discussed 


The  war  stimulated  radio  prog- 
gress  to  such  an  extent  that 
many  new  communications  services 
are  on  the  verge  of  becoming  a  com¬ 
mercial  reality.  A  large  number  of 
applications  will  involve  short-haul 
or  line-of-sight  distances.  It  is  con¬ 
ceivable  that  there  might  be 
thousands  of  microwave  links 
within  a  small  area,  such  as  a 
county.  To  prevent  interference 
with  each  other,  as  well  as  with 
other  services,  the  correct  use  of 
frequencies  is  as  important  as  the 
proper  design  of  circuits  used  in 
the  new  equipment. 

Recent  electronic  developments  in 
the  ultra  high  frequency  (uhf)  and 
super  high  frequency  (shf)  regions 
have  provided  sufficient  technical 
progress  to  open  up  these  bands  for 
practical  use.  In  the  past,  most 
equipment  which  operated  at  such 
high  frequencies  was  considered 
experimental  and  was  often  crudely 
built  and  difficult  to  adjust.  Mod¬ 
ern  equipment  designed  for  the 
microwaves  is  ruggedly  con- 


By  FREDERIC  A.  JERKS 

Reaearch  Laboratories 
Sperry  Gyroscope  Co.,  Inc. 

Garden  City,  N.  Y. 

structed,  easy  to  adjust,  and  uti¬ 
lizes  circuits  which  perform  favor¬ 
ably  by  comparison  with  those  used 
in  lower  frequency  apparatus. 

When  studying  channel  space 
available  for  the  new  services  it  is 
interesting  to  examine  Fig.  lA. 
This  chart  of  the  radio  frequency 
spectrum  was  drawn  on  a  logarith¬ 
mic  basis.  Plotting  in  this  manner 
provides  a  convenient  way  of  visual¬ 
izing  all  channels  with  equal  clar¬ 
ity,  but  it  does  not  present  an  ade¬ 
quate  picture  of  the  tremendous 
portion  of  the  spectrum  which  has 
been  made  available  by  recent 
microwave  developments.  In  Fig. 
IB  the  same  amount  of  spectrum 
has  been  replotted  on  a  linear  basis 
and  it  is  immediately  apparent  that 
the  new  high  frequency  regions 
represent  the  major  portion  of  the 
spectrum. 

At  first  glance  it  might  appear 


that  such  an  expanse  of  new  fre¬ 
quencies  will  provide  sufficient 
space  for  all  the  channels  which 
might  be  required  for  many  years 
to  come,  especially  for  line-of-sight 
transmissions.  This  may  be  true  if 
the  new  bands  are  properly  uti¬ 
lized.  It  must  be  remembered,  how¬ 
ever,  that  many  of  the  services  to 
be  operating  in  the  uhf  and  shf 
bands  will  require  wide  band- 
widths,  possibly  in  the  order  of  20 
megacycles  or  more.  It  only  takes 
50  of  these  20-megacycle  channels 
to  fill  a  1000-megacycle  block  of 
frequencies,  and  there  are  not  too 
many  of  these  blocks  available. 

Fortunately,  such  short  wave¬ 
lengths  allow  the  use  of  mechan¬ 
ically  practical  antenna  structures 
that  provide  sharply  directional 
beams  for  point-to-point  communi¬ 
cations  and  relay  links,  and  mini¬ 
mize  interference  with  other  serv¬ 
ices  outside  the  coverage  area  of 
the  beamed  radiation.  This  direc¬ 
tivity  together  with  freedom  from 
atmospheric  interference  allows  the 


irequencies  becomes  at  once  opparent 
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use  of  surprisingly  low  transmitter 
powers  to  accomplish  reliable  com¬ 
munication. 

Services  which  can  take  advan¬ 
tage  of  this  type  of  communication 
might  include  the  following:  pro¬ 
gram  relay  links,  pickup-to-studio 
circuits,  railroad  communications, 
emergency  short  range  services, 
aircraft  aids  to  navigation,  and 
domestic  airport  traffic  control,  just 
to  mention  a  few. 

General  Considerations 

Adjacent  fixed  station  micro- 
wave  systems  can  use  the  same 
frequency  bands  in  many  instances 
by  taking  advantage  of  the  fact 
that  even  radiation  having  a  low 
vertical  angle  is  eventually  lost  in 
space,  passing  through  the  iono¬ 
sphere  region  rather  than  being  re¬ 
flected  back  to  earth.  This  condi¬ 
tion  is  illustrated  in  Fig.  2A.  No¬ 
tice  that  the  beams  of  adjacent  sta¬ 
tions  in  the  two  separate  systems 
A  and  B.  pass  over  each  other, 
and  that  the  systems  therefore  do 
not  interfere.  If  directivity  is  used 
in  the  horizontal  plane,  as  shown  in 
Fig.  2B,  many  systems  such  as 
those  represented  at  C,  D  and  E 
may  be  located  in  the  same  area 
without  causing  interference  to 
each  other.  For  simplicity  of  illus¬ 
tration  one-way  systems  are  shown. 
Two-way  systems  are  obviously 
equally  practical. 

While  ground  stations  cannot  re¬ 
ceive  radiation  passing  over  them, 
aircraft  in  the  vicinity  will  be  sub¬ 
ject  to  interference.  If  many 
ground  installations  are  in  opera¬ 
tion,  aircraft  will  be  in  a  beam 
from  some  station  nearly  all  the 
time.  Consequently,  the  frequen¬ 
cies  used  for  aviation  services 
should  be  removed  from  those  used 
point-to-point  ground  systems. 
Airplane-to-ground  communications 
will  require  special  consideration. 
With  a  large  number  of  airports  in 
the  same  vicinity  it  is  quite  neces- 
unlike  point-to-point  ground 
services,  that  they  operate  on  dif¬ 
ferent  channels.  Aircraft  flying  at 
^tgh  altitudes  will  be  exposed  to 


radiation  from  airports,  other  air¬ 
craft,  weather  stations,  aids  to  nav¬ 
igation,  and  possibly  other  ground 
services.  To  be  certain  that  micro- 
wave  equipment  carried  in  the  air¬ 
plane  is  receiving  the  desired  sig¬ 
nals,  and  not  unwanted  radiations, 
many  frequency  channels  will  have 
to  be  provided.  From  50  to  100 
closely  spaced  aircraft  channels  may 
be  the  common  thing  a  few  years 
hence,  especially  on  airplanes  fly¬ 
ing  the  international  routes. 

Realizing  these  facts,  it  becomes 
apparent  that  the  tremendous  fre¬ 
quency  band  occupied  by  the  new 
wavelengths  will  not  provide  an  un¬ 
limited  number  of  channels  even  if 
many  communication  systems  are 
sharply  beamed.  However,  by  em¬ 
ploying  frequency  stability  toler¬ 
ances  which  are  comparable  to  those 
used  on  the  lower  frequency  bands, 
channels  can  be  placed  close  enough 
together  so  that  none  of  the  spec¬ 
trum  is  wasted.  Techniques  are  now 
available  whereby  stability  on  the 
microwave  bands  can  be  as  good 
as  that  in  any  other  part  of  the 
radio  spectrum. 


Transmitter  Power 


Electromagnetic  energy  radiating 
from  a  point  source  in  space  pro¬ 
duces  a  power  per  unit  solid  angle 
of  P 

p'<fM  "  watts  (1) 

where  P  is  the  total  power  radi¬ 
ated  .from  the  point  source.  How¬ 
ever,  since  dipoles  are  generally 
used  as  the  standard  of  comparison, 
the  radiated  power  from  a  dipole  in 
the  direction  of  a  receiver  which 
lies  in  a  plane  perpendicular  to  and 
centered  upon  the  dipole  is  given  by 


watts  per  unit  solid  angle  (2) 


where  the  increase  of  3/2  is  due  to 
the  directional  characteristics  of 
the  dipole. 

Since  the  equivalent  area  of  a 
dipole*  is  given  by 


Ad  =» 


Sr 


(3) 


it  is  capable  of  absorbing  an 


FIG.  2 — (A)  Because  the  microwores  nor¬ 
mally  penetrate  the  ionosphere  and  are 
lost  beyond  it.  and  are  not  reflected  back 
to  earth,  transmissions  between  the  two 
stations  in  system  A  and  the  two  stations 
in  system  B  will  not  ordinarily  cause 
mutual  interference.  (B)  Transmissions 
sharply  beamed  in  the  horizontal  plane 
permit  the  operation  of  o  plurality  of 
adlacent  stations  such  as  those  constitut¬ 
ing  systems  C.  D  and  E.  without  mutual 
interference 


FIG.  3 — Theoretical  distances  which  may 
be  coTered  by  point-to-point  microwave 
systems  iising  various  transmitting  and 
receiving  antenna  combinations  are  shown 
in  miles.  In  all  three  cases  illustrated 
transmitter  power  is  0.1  watt,  wavelength 
is  10  cm,  transmited  bandwidth  is  200  kc. 
and  the  receiver  noise  figure  is  15  db  or 
31,6-to-l  on  a  power  basis.  Parabola  orea 
is  6000  square  centimeters,  giving  an 
effective  power  gain  of  325 
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FIG.  4 — (A)  Stability  expressed  as  a  percentage  of  carrier  frequency,  showing  how 
10-kc  latitude  which  might  represent  a  standard  for  an  f-m  system  operating  on 
1000  me  would  be  difficult  if  not  impossible  to  achieve  in  connection  with  a  tele¬ 
vision  transmitter  operating  on  the  same  frequency  but  requiring  greater  band¬ 
width.  (B)  Stability  expressed  as  a  percentage  of  bandwidth,  illustrating  the 
practicability  of  standards  based  upon  such  a  scheme 


amount  p,  of  the  radiated  power 
per  unit  solid  angle  at  a  distance  r, 
and  is  given  by 


Pr 


3P  ^  3X* 

8t  ^  8x 


where  both  X  and  r  are  given  in 
centimeters.  This  equation  gives 
the  energy  at  a  distant  receiver 
for  a  system  using  dipoles  for 
transmitting  and  receiving. 

If  a  directional  antenna  such  as  a 
parabola  is  used  at  one  end,  the 
energy  at  the  receiver  is  increased 
directly  by  the  effective  power  gain 
of  the  directional  antenna  used. 
The  power  gain  of  a  parabolic  an¬ 
tenna  is  the  ratio  of  the  effective 
absorbing  area  of  the  parabola  to 
that  of  a  dipole,  and  is  given  by 


0  -  0.65A /(3 XV8t)  =  j^X  0.65  (5) 

where  A  is  the  mouth  area  in 
square  centimeters,  X  is  the  wave¬ 
length  in  centimeters,  and  0.65  is 
an  empirical  factor  related  to  non- 
uniform  illumination  of  the  para¬ 
bolic  surface  by  the  dipole.  The 
energy  at  the  receiver  is  now  in¬ 
creased  by  this  gain  figure  and  is 

r31*PX2  A 

“  LsjrJ  ^[3 

PA 

=  0.0776  -jj-  watts  (6) 

With  a  parabola  at  each  end  of 
the  system,  the  ability  to  concen¬ 
trate  the  energy  in  the  desired  di¬ 
rection  is  further  enhanced,  and 
the  receiver  power  then  becomes 

Pr  -  [0.0776  J  X  ^  X  O.65]  = 

pAt 

0.423  watts  (7) 


In  all  of  the  above  cases  the 
transmission  was  assumed  to  be 
through  free  space,  without  any 
nearby  objects  to  disturb  the  path 
of  the  radiated  energy.  In  appli¬ 
cations  such  as  point-to-point  fixed 
systems  this  ideal  condition  will  not 
be  realized.  A  scattering  effect 
caused  by  the  energy  passing  over 
the  ground  at  grazing  incidence 
will  reduce  the  signal  at  the  re¬ 
ceiver.  Scattering  caused  by  trees, 
houses,  and  other  objects  may  be 
appreciable,  and  should  be  taken 
into  account  when  determining 
transmitter  powers  for  such  propa¬ 
gation  conditions. 

For  a  receiver  signal-to-noise 
ratio  equal  to  unity,  the  available 
signal  power  at  the  receiver  should 
be  equal  to  the  theoretical  noise 
power  of  the  receiver  times  its 
noise  figure.  The  noise  figure  is 
defined*  as  the  ratio  of  the  avail¬ 
able  signal-to-noise  ratio  at  the  sig¬ 
nal  source  terminals  to  the  avail¬ 
able  signal-to-noise  ratio  at  the  re¬ 
ceiver  output  terminals. 

F  =  {Si/ KTB)/iS,/ No)  =  (Si/KTB) 

(No/So) 

where  if  =  1.38  x  lO'”  joules  per  degree 
Kelvin 

T  =  300  degrees  Kelvin 

B  =  effective  bandwidth  in  cycles  per 
second 

F  =*  noise  figure  of  the  receiver 

Si  =  available  signal  power  at  signal 
source  terminals  (antenna 
matched) 

So  =  available  signal  power  at  re¬ 
ceiver  output 

No  =  available  noise  power  at  re¬ 
ceiver  output 

Solving  for  the  available  signal 
power  at  the  signal  source  (an¬ 
tenna)  terminals,  gives 


O 

Si  =  FKTB  watts  (9) 

To  make  the  signal-to-noise  ratio 
at  the  output  equal  to  unity,  the 
available  signal  power  delivered  by 
the  receiving  antenna  circuit  must 
be  equal  to 

Si  =  FKTB  watts  for  =  1  (jq) 


Now  let  us  compare  the  range  of 
several  systems  in  which  the  an¬ 
tenna  power,  transmitted  band¬ 
width,  and  noise  figure  are  the 
same  but  the  antennas  used  are 
different,  as  illustrated  in  Fig.  3. 
It  will  be  assumed  that  the  trans¬ 
mission  is  over  a  line-of-sight  path 
without  grazing  incidence.  The  fol¬ 
lowing  conditions  will  be  alike  in 
each  case: 

P  =  0.1  watt  transmitter  power 
B  =  2(X)  kilocycles  transmitted.bandwidth 
F  =  15  db  =  31.6  to  1  (on  power  basis) 

X  =  10  centimeter  wavelength  =  3000  me 
A  =  6(XX)  square  centimeters,  parabola 
area  to  give  an  effective  power  gain  of 
about  325 

For  a  system  using  a  dipole  at 
each  end,  Eq.  (4)  equals  Eq.  (10) 
for  maximum  range. 


Pmin 

r»  = 
1*  = 


r  3  1 «  PX» 
“  LStJ  r* 

r3T  PX* 
ISwJFKTB 
5.44  X  10“ 


=  FKTB  =  2.61  X  10« 


=  (0.0142) 


(0.1)  (100) 
2.61  X  10“ 


r  =  2.33  X  10*  cm  =  14.5  miles  range 


For  a  system  using  a  parabola 
at  one  end  and  a  dipole  at  the  other, 
Eq.  (6)  equals  Eq.  (10)  for  maxi¬ 


mum  range. 


PA 

Pmin  =  0.0775  ^  =  FKTB  =  2.61  x  10“ 
r* 


=  0.0775 


P.4 


=  0.0775 


(0.1)  6000 
2.61  x  10“ 


FKTB 
f*  =  17.85  X  10“ 

r  =  4.20  X  10^  cm  =  261  miles  range 


For  a  system  using  a  parabola 
at  each  end,  Eq.  (7)  equals  Eq. 
(10)  for  maximum  range. 


P  At 

Pn^in  =  0.422  =  FKTB  =  2.61  x  10“ 


0.422 


PA*  (0.422)  (0.1)  (6000)! 


X*  FKTB  (10»)  2.61  x  10“ 


r*  =  0.582  X  10“ 

r  =  0.761  X  10*  cm  =  4720  miles  range 


The  use  of  parabolas  increases 
the  system  range  by  the  square  ; 
root  of  the  product  of  the  effective 
antenna  gains  at  each  end.  The 
4720  mile  range  of  the  last  calcu¬ 
lation  is  used  for  illustration  pur¬ 
poses  only,  and  is  obviously  ; 
realizable  on  the  surface  of  the 
earth. 

Frequency  stability  can  be  de- 
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FIG.  6 — Block  diagram  of  a  microwaye  transmitter  employing  a  crystol  oscillator 
for  frequency  control,  a  conventional  doubler  and  triplers,  a  klystron  providing  a 
multiplication  factor  of  11  in  one  tube,  and  a  power  amplier.  If  the  oscillator 
operated  at  S  me  the  final  output  of  the  transmitter  would  be  2970  me 


fined  as  the  amount  of  random  fre¬ 
quency  variation  in  an  unmodulated 
carrier,  compared  to  the  carrier 
frequency  on  a  percentage  basis. 
Since  the  various  radio  services 
such  as  television,  f-m  and  a-m 
broadcasting,  and  telegraph,  re¬ 
quire  widely  different  bandwidths 
for  the  transmission  of  their  in¬ 
telligence,  it  seems  reasonable  that 
they  should  require  different  car¬ 
rier  frequency  stabilities  also. 

Consider  a  television  channel  five 
megacycles  wide  and  an  f-m  chan¬ 
nel  200  kilocycles  wide.  If  both  of 
these  services  had  the  same  stabil¬ 
ity,  it  would  probably  be  the  nar¬ 
rower  of  the  two  which  would  de¬ 
termine  what  the  stability  should 
be.  Suppose  the  allowable  carrier 
drift  of  the  f-m  channel  was  10 
kilocycles.  It  would  be  folly  to  ex¬ 
pect  the  television  people  to  keep 
their  transmitter  carrier  to  within 


10  kilocycles,  as  indicated  in 
Fig.  4A,  when  their  receiver  band- 
widths  vary  more  than  that  in  pro¬ 
duction.  A  more  logical  way  of 
assigning  a  stability  figure  to  a 


given  service  would  be  to  base  the 
allowable  random  carrier  variation 
upon  a  certain  percentage  of  the 
transmitted  bandwidth.  For  exam¬ 
ple,  if  the  stability  figure  in  the 
above  illustration  was  dr  5  percent 
of  the  bandwidth,  then  the  f-m  car¬ 
rier  would  have  to  be  maintained 
within  dr  10  kilocycles,  as  before, 
hut  the  television  carrier  would  be 
allowed  a  rt  250  kilocycle  drift,  as 
shown  in  Fig.  4B. 

Equipment  operating  in  the 
microwave  bands  can  have  a  fre¬ 
quency  stability  as  good  as  that 
obtainable  on  the  lower  frequency 
bands,  with  0.001  percent  not  too 
difficult.  Crystal  control  is  com¬ 
monly  used,  with  the  oscillator 
operating  at  a  frequency  of  several 
megacycles,  followed  by  a  series  of 
frequency  multiplier  stages.  The 
stability  of  the  carrier  is  that  of 
the  crystal  oscillator  multiplied  by 
the  factor  required  to  increase  the 
crystal  frequency  up  to  the  micro- 
waves.  The  nomograph  in  Fig.  5 
provides  a  convenient  means  of  de¬ 
termining  microwave  frequency 
shifts  caused  by  small  frequency 
changes  in  the  low  frequency  oscil¬ 
lator. 

Commercial  AT-cut  crystals  in 
temperature-controlled  ovens  have 
been  used  in  many  oscillators  to 
furnish  a  stable  driving  source  for 
the  multiplier  chain.  Usually  the 
multiplying  stages  are  doublers  and 
triplers,  although  quintupling  has 
been  used  successfully.  As  the 
stages  approach  the  ultra  high 
frequencies  the  tank  circuits  change 
from  coils  and  capacitors  to  res¬ 
onant  lines  in  various  forms.  These 
give  way  to  resonant  enclosures  or 
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cavities  at  the  super-high  fre¬ 
quencies.  If  the  signal  is  of  too 
low  power  at  the  carrier  frequency 
it  is  frequently  amplified  to  usable 
levels  with  tubes,  such  as  klystrons, 
employing  the  velocity  modulation 
principle. 

Although  crystal  control*  has 
been  considered  the  best  means  of 
obtaining  a  stable  carrier  at  con¬ 
ventional  frequencies  it  is  having 
considerable  competition  from  vari¬ 
ous  automatic  frequency  control 
(afc)  systems  used  for  stabilizing 
microwave  oscillators.  Stabilities 
comparable  to  that  obtained  from 
a  crystal-controlled  multiplier  chain 
can  be  had  from  a  correctly  de¬ 
signed  afc  unit. 

At  conventional  frequencies  it  is 
possible,  by  comparing  the  phase  of 
the  amplitude  modulated  output 
from  a  resonant  circuit  with  the 
original  frequency  modulating  sig¬ 
nal,  to  obtain  a  correction  voltage 
which  can  be  used  to  adjust  the 
system  so  that  the  carrier  and  the 
resonant-circuit  frequencies  coin¬ 
cide.  A  similar  afc  scheme  can  be 
used  on  the  microwaves,  employing 
a  resonant  cavity  as  the  tuned  cir¬ 
cuit.  By  making  the  resonator 
tunable,  the  microwave  oscillator 
can  be  automatically  stabilized  on 
any  frequency  within  this  tunable 
band.  This  is  advantageous  because 
of  the  fact  that  in  crystal  control 
systems  the  complete  multiplier 
chain  must  be  retuned  if  the  car¬ 
rier  frequency  shift  is  large  com¬ 
pared  to  the  bandwidth  of  the  res¬ 
onant  circuits. 

-'’'f '-t  ' i,  -'j'x/  V, 


Other  low-frequency  afc  tech¬ 
niques  can  also  be  applied  to  micro- 
wave  apparatus.  For  example,  the 
variable-magnitude  reversible-pol¬ 
arity  voltage  from  a  receiver  dis¬ 
criminator  can  be  used  to  keep  a 
microwave  local  oscillator  in  track 
with  an  incoming  signal.  This  is 
similar  to  the  system  used  in  some 
broadcast  receivers. 

Transmitter  Design  Considerations 

To  illustrate  what  is  possible  in 
modern  microwave  transmitter  de¬ 
signs  it  is  worthwhile  to  consider 
a  general  example,  and  to  show  how 
crystal  control  and  afc  compare  for 
the  job.  Suppose  it  is  desired  to 
build  a  single  channel  f-m  trans¬ 
mitter  capable  of  a  frequency  devi¬ 
ation  of  zir  75  kilocycles  and  a  fre¬ 
quency  stability  of  0.001  percent, 
with  a  carrier  power  of  a  few  watts 
in  the  10-cm  microwave  region.  In 
this  discussion  it  will  be  assumed 
that  any  detuning  effects  in  the 
resonator  and  line  circuits  due  to 
ambient  temperature  changes  have 
been  corrected  by  proper  tempera¬ 
ture-controlling  means. 

In  Fig.  6  is  shown  a  block  dia¬ 
gram  of  a  crystal  controlled  multi¬ 
plier  chain,  in  which  conventional 
high-frequency  doublers  and  trip- 
lers  driven  by  a  5-megacycle  crys¬ 
tal  oscillator  supply  power  to  the 
input  resonator  of  a  velocity-modu¬ 
lation  frequency  multiplier.  The 
output  resonator  of  the  multiplier 
is  tuned  to  the  eleventh  harmonic 
of  the  tube’s  input  frequency,  thus 
providing  a  convenient  means  of 


4  ' '  CRYSTAL  CONTROLLED 
MULTIPLIER  CHAIN 


obtaining  an  eleven-to-one  fre¬ 
quency  multiplication  in  one  tube. 
Other  multiplying  values  could  be 
obtained  by  changing  the  ratio  of 
the  resonant  frequencies  of  the 
output  to  input  cavities.  A  two- 
stage  cascade  power-amplifier  kly¬ 
stron  is  then  used  to  raise  the  level 
from  a  few  milliwatts  to  several 
watts  output.  The  amplifier  has  a 
power  gain  of  about  1000. 

To  maintain  a  microwave  carrier 
frequency  stability  of  0.001  per¬ 
cent  the  crystal  oscillator  frequency 
must  not  deviate  more  than  ±  0.001 
percent.  To  accomplish  this  the 
plate  and  screen  voltages  on  the 
crystal  oscillator  are  kept  low  and 
are  maintained  at  a  constant  po¬ 
tential  by  means  of  a  gas  tube  or 
an  electronic  regulator.  With  mod¬ 
ern  crystal  ovens  capable  of  holding 
their  temperature  constant  to  bet¬ 
ter  than  one  degree  Centigrade 
throughout  the  ambient  tempera¬ 
ture  ranges  encountered  in  prac¬ 
tice,  it  is  possible  to  limit  an  AT- 
cut  crystal  to  only  a  few  cycles 
drift.  To  keep  a  well  designed  crys¬ 
tal  oscillator  operating  in  the  five- 
megacycle  range  on  frequency  to 
better  than  rt  50  cycles  (0.001  per¬ 
cent)  is  not  difficult  as  this  is  only 
one  part  in  10®. 

Modulation  of  the  transmitter 
unit  can  be  accomplished  in  a  num¬ 
ber  of  ways.  For  example,  phase 
modulation  of  any  of  the  multi¬ 
plier  stages  is  possible,  as  well  as 
phase  modulation  of  the  amplifier. 
Frequency  modulation  of  the  crys¬ 
tal  oscillator  can  also  be  used  with 
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success,  even  though  the  fre!^- 
quency  deviations  available  from 
such  an  arrangement  are  quite 
small.  The  high  multiplication  fac¬ 
tor  between  the  crystal  and  carrier 
frequencies  (594  for  the  above  ex¬ 
ample)  increases  any  oscillator 
deviations  into  carrier  swings  of 
considerable  amounts.  This  is  also 
the  reason  that  good  carrier  sta¬ 
bility  is  required  in  systems  using 
relatively  narrow  band  transmis¬ 
sion. 

AFC  System 

With  automatic  frequency  control 
it  is  possible  to  stabilize  a  power¬ 
ful  velocity  modulation  type  of 
oscillator  tube  operating  in  the 
desired  microwave  band  or  to  con¬ 
trol  a  low  power  microwave  oscil¬ 
lator  and  then  follow  it  with  a  cas¬ 
cade  power  amplifier.  In  either  case 
it  is  necessary  to  have  a  source 
of  frequency  reference  to  use  as 
the  standard  of  comparison.  This 
frequency  standard  can  be  either  a 
compact  crystal-controlled  source 
such  as  the  multiplier  chain  de¬ 
scribed  earlier  or  a  temperature- 
stabilized  resonant  cavity  tuned  to 
the  transmitter  frequency.  The 
basic  principle  involved  in  applying 
automatic  frequency  control  is  the 
same  regardless  of  the  type  of 
standard  used.  The  frequency  of 
the  transmitter  is  compared  to  the 
known  standard  frequency.  Any 
random  carrier  shift  is  detected  in 
the  comparison  circuit,  and  the  re¬ 
sulting  signal  is  used  to  apply  a 
tuning  correction  to  bring  the  car¬ 
rier  back  into  step  with  the  stand¬ 
ard.  The  loop  gain  and  the  band¬ 
width  of  the  feedback  control  cir¬ 
cuit  determine  how  closely  the  car¬ 
rier  will  be  held  to  the  standard. 

Figure  7  shows  a  block  diagram 
of  an  automatic  frequency  control 
system  using  a  low-power  crystal- 
controlled  frequency  multiplier 
chain  as  the  standard.  The  purpose 
of  such  an  arrangement  is  to  pro¬ 
vide  a  stable  high-power  transmit¬ 
ter  in  the  absence  of  a  suitable 
microwave  power  amplifier  to  fol¬ 
low  the  multiplier  chain.  In  the 
diagram  it  will  be  noticed  that  the 
frequency  of  the  standard  is  dif¬ 
ferent  from  the  transmitter  fre¬ 
quency  by  an  amount  required  to 
produce  a  convenient  intermediate 
frequency  signal,  which  is  gener¬ 
ated  in  a  suitable  mixer.  The  i-f 


amplifier  has  sufficient  gain  to 
operate  a  frequency  discriminator 
of  conventional  design,  similar  to 
those  used  in  current  f-m  practice. 
The  bandwidth  of  the  amplifier 
should  be  sufficient  to  allow  the 
system  to  lock-in  without  too  much 
searching.  If  the  bandwidth  is  too 
wide,  tightness  of  frequency  con¬ 
trol  will  be  sacrificed,  and  if  it  is 
too  narrow,  fast  deviations  will  not 
be  corrected,  so  a  compromise  solu¬ 
tion  is  needed  which  depends  upon 
the  requirements  imposed  upon  the 
transmitter  itself.  Schemes  can  be 
devised  to  provide  a  wide  pull-in 
range  and  a  tight  hold-in  range  si¬ 
multaneously.  The  signal  from  the 
discriminator  is  a  d-c  potential 
whose  magnitude  and  polarity  de¬ 
pend  upon  how  far  the  transmitter 
frequency  has  drifted,  and  in  which 
direction.  This  variable-magnitude 
reversible-polarity  voltage  can  then 
be  used  to  control  either  a  two- 
phase  tuning  motor,  or  the  electri¬ 
cal  power  in  any  other  electro¬ 
mechanical  device,  or  can  be  ap¬ 
plied  through  suitable  amplifiers 
directly  to  an  electrode  in  the  trans¬ 
mitting  tube  which  is  frequency 
sensitive  to  voltage.  The  various 
tuning  means  can  be  used  alone  or 
in  combination  with  one  another. 

Another  method  of  obtaining  au¬ 
tomatic  frequency  control  is  to  use 
a  temperature-compensated  cavity 
resonator  rather  than  a  crystal  as 
the  standard  resonant  circuit  for 
frequency  reference,  as  illustrated 
in  the  block  diagram  of  Fig.  8.  This 
circuit  is  used  to  obtain  correction 
signals  in  a  manner  similar  to  the 
low  frequency  technique  me'ntioned 
earlier.  The  standard  resonant  cir¬ 
cuit  is  tuned  to  the  frequency  of 
the  microwave  oscillator,  and  the 
resonance  curve  of  the  cavity  to¬ 
gether  with  an  amplitude  detector 
as  its  load  are  used  to  convert  trans¬ 
mitter  frequency  shifts  into  cor¬ 
responding  amplitude  changes. 

For  purposes  of  illustration,  as¬ 
sume  that  the  transmitting  micro- 
wave  oscillator  is  frequency  modu¬ 
lated  with  frequency  F.  If  the 
transmitter  is  exactly  in  tune  with 
the  resonant  cavity,  the  frequency 
modulation  will  be  converted  into 
amplitude  modulation  of  frequency 
2F,  as  shown  in  Fig.  9A.  This  is 
true  since  a  half-cycle  carrier  swing 
allows  the  signal  amplitude  to  in¬ 
crease  and  then  decrease  again  to 


FIG.  9 — Curves  illustrating  the  operat¬ 
ing  principle  oi  the  aic  system  dia- 
gramm'^d  in  Fig.  8  and  discussed  in  the 
text.  (A)  Microwave  oscillator  in  tune 
with  the  resonant  circuit  used  as  a  fre¬ 
quency  standard.  (B)  with  the  carrier 
shifted  to  one  side  and  (C)  with  the 
carrier  shifted  to  the  other  side 

its  original  value,  hence  one  a-m 
cycle  is  produced  during  each  half 
cycle  of  f-m  caused  by  the  modulat¬ 
ing  frequency  F.  Should  the  trans¬ 
mitter  be  slightly  out  of  tune  with 
the  resonant  circuit,  the  amplitude 
modulation  output  will  be  predom¬ 
inantly  of  fundamental  frequency 
F,  and  in  phase  with  the  modulat¬ 
ing  signal  F  when  the  carrier  has 
shifted  to  one  side  as  shown  in 
Fig.  9B.  The  amplitude  modulation 
output  will  be  180  degrees  out  of 
phase.  Fig.  9C,  when  the  carrier 
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shift  is  in  the  other  direction.  It  this  audio  voltage  being  adjusted  to  plier  chain,  which  may  consist  of 

is  this  180-degree  phase  shift  allow  a  zt  75  kilocycle  carrier  several  tubes  and  their  tuned  cir- 

which,  when  compared  to  the  phase  swing,  the  same  as  in  the  crystal  cuits,  and  a  klystron  multiplier, 

of  the  original  modulating  signal,  controlled  example.  The  afc  system  Another  problem  with  this  type  of 

provides  the  sensing  for  the  con-  should  be  made  insensitive  to  fre-  local  oscillator  is  the  lack  of  a  sim- 

trol  circuit  in  this  type  of  afc  sys-  quency  shifts  occurring  in  the  au-  pie  channeling  means,  unless  the  i-f 

tern.  The  phase  detector  produces  dio  passband.  amplifier  is  made  tunable  to  ac- 

a  voltage  whose  magnitude  and  .  complish  the  channeling.  The  tun- 

polarity  depends  upon  how  far  and  Receiver  Design  onsi  era  ions  amplifier  arrangement  is 

in  which  direction  the  carrier  has  The  basic  receiver  circuit  used  at  a  perfectly  practical  method  of  ob- 
drifted.  This  control  voltage  is  microwave  frequencies  is  still  the  taining  the  channeling  feature, 
then  used  to  tune  the  transmitter.  superheterodyne.  The  i-f  amplifier  Figure  lOA  shows  a  block  dia- 

Perhaps  the  simplest  type  of  afc  is  usually  operated  at  a  considerably  gram  of  a  crystal  controlled  re¬ 
transmitter  would  use  an  oscillator-  higher  frequency  than  in  similar  ceiver,  using  a  tunable  i-f  amplifier, 
buffer  type  klystron  capable  of  the  lower  frequency  receivers.  New  Notice  that  in  this  case  the  whole 
required  power  output  and  equipped  and  improved  tubes  have  been  de-  i-f  amplifier  is  gang  tuned,  in- 
with  electro-mechanical  tuning,  veloped  to  keep  pace  with  the  eluding  the  discriminator,  a  condi- 
The  tube  might  be  frequency  modu-  steady  increase  in  frequency  of  the  tion  which  makes  it  difficult  to 
lated  with  small  deviation  at  a  i-f  amplifiers.  Unfortunately,  the  maintain  a  constant  bandwidth 
super-audible  rate  to  provide  a  con-  local  oscillator  for  microwave  com-  over  the  complete  tuning  range  of 
trol  signal  which  could  be  used  to  munication  receivers  presents  a  the  amplifier.  To  avoid  this  diffi- 
alter  the  power  in  the  electro-  rather  special  problem.  It  is  im-  culty,  the  double  superheterodyne 
mechanical  tuning  device  to  keep  portant  that  it  be  stable  in  fre-  or  triple  detection  method  can  be 
the  oscillator  on  frequency.  Suffi-  quency  and  yet  compact,  so  that  used,  as  shown  in  Fig.  lOB.  The 
cient  loop  gain  would  be  provided  the  receiver  is  not  excessively  first  local  signal  is  fixed  in  fre- 
to  hold  the  frequency  to  the  re-  large.  Several  local  oscillator  ar-  quency,  and  may  be  generated  by  a 
quired  tolerance,  taking  into  ac-  rangements  are  possible,  using  crystal-controlled  unit.  The  second 
count  the  possibility  of  resonator  crystal  control  or  afc  techniques.  local  oscillator  has  automatic  f re¬ 
drift.  Audio  modulation  of  the  car-  The  present  difficulty  with  crys-  quency  control  similar  to  that  used 
rier  might  be  produced  by  applying  tal  control  for  this  particular  ap-  in  some  broadcast  receivers.  Only 
the  signal  in  series  with  the  plate  plication  is  the  amount  of  space  the  second  mixer  and  the  second 
voltage,  the  maximum  amplitude  of  and  power  required  for  the  multi-  local  oscillator  need  to  be  tuned 

( unless  a  first  i-f  stage,  shown 
dotted,  is  used  before  the  second 
mixer),  and  the  bandwidth  p’-ob- 
lem  does  not  arise  since  the  second 
i-f  amplifier  operates  at  a  fixed  fre¬ 
quency.  A  system  of  this  type  is  the 
same  as  using  a  crystal-controlled 
microwave  converter  feeding  di¬ 
rectly  into  a  standard  f-m  super¬ 
heterodyne  receiver  with  afc  ap¬ 
plied  to  its  local  oscillator. 

Another  method  of  obtaining  a 
satisfactory  microwave  local  oscil¬ 
lator  is  to  use  a  compact  micro- 
wave  generator  of  the  reflex  type, 
and  to  apply  automatic  control  to 
this  local  oscillator  from  the  dis¬ 
criminator  of  the  receiver,  as 
shown  in  Fig.  11,  in  much  the  same 
way  as  afc  is  used  in  standard 
broadcast  receivers. 


FIG.  10 — Two  methods  oi  tuning  a  crystal-controlled  superheterodyne  receiver. 
(A)  Tuning  the  i-i  amplifier  and  the  discriminotor  circuit  (B)  Double  superhetero¬ 
dyne  with  afc.  If  the  first  i-f  amplifier  stage,  shown  within  dashed  lines,  is  omitted 
only  the  second  detector-mixer  and  the  second  local  oscillotor  need  be  tuned 
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Experimental  Systems 


One  early  microwave  experi¬ 
mental  system  was  set  up  over  a 
combination  land  and  water  path, 
slightly  beyond  line-of-sight  range. 
The  equipment  used  free-running 
klystron  oscillators  as  the  transmit¬ 
ters.  Frequency  modulation  was 
produced  by  applying  an  audio  sig¬ 
nal  in  series  with  the  plate  voltage 
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of  the  oscillators.  Only  a  small 
amount  of  modulation  voltage  was 
required,  since  the  10-cm  carrier 
deviation  used  in  the  system  was 
purposely  limited  to  ±75  kilocycles. 

One  receiver  consisted  of  a  stand¬ 
ard  f-m  broadcast  unit,  fed  by  a 
microwave  converter  which  used  a 
tunable  reflex  klystron  as  the  local 
oscillator  and  a  silicon  crystal  as 
the  mixer.  Automatic  frequency 
control  was  employed  to  keep  the 
receiver  in  tune  with  the  free-run¬ 
ning  transmitter.  The  voltages  ob¬ 
tained  from  the  discriminator  were 
passed  through  an  R-C  network  of 


A  later  system  was  installed  over 
a  five-mile  link,  using  crystal  con¬ 
trol  in  both  the  transmitters  and 
the  receivers.  The  frequency  mul¬ 
tiplier  chain  used  to  increase  the 
crystal  frequency  to  the  microwave 
region  was  identical  in  circuit  de¬ 
sign  for  the  transmitters  and  re¬ 
ceivers.  The  basic  circuit  of  the 
frequency  modulated  crystal  oscil¬ 
lator  used  is  shown  in  Fig.  12.  A 
modified  Pierce  parallel  oscillator 
was  used,  with  capacitive  reac¬ 
tance  in  series  with  one  grid  and 
the  crystal,  and  inductive  react¬ 
ance  in  series  with  the  other  grid 


FIG.  11 — Block  diagram  oi  a  microwave  receiver  employing  automatic  frequency 
control  alone  to  achieve  the  desired  stability 


long  time  constant  to  filter  out  the 
audio  signals  present,  and  were 
then  used  to  control  a  tuning  motor. 
The  other  receiver  in  this  two-way 
communications  system  used  a 
somewhat  different  scheme  for  ob¬ 
taining  automatic  frequency  con¬ 
trol.  The  voltage  from  the  dis¬ 
criminator  was  brought  out 
through  a  low-pass  filter,  but  was 
applied  to  an  electro-mechanical 
tuning  unit  connected  to  the  local 
oscillator.  The  discriminator  con¬ 
trol  voltage  was  also  used  to  pro¬ 
vide  electrical  tuning  for  correct¬ 
ing  transient  deviations  which  the 
electro-mechanical  device  could  not 
follow. 

The  transmission  path  covered  a 
distance  of  21  miles.  With  a  power 
of  several  watts  and  parabolic  an¬ 
tennas  at  each  end,  each  with  an 
effective  gain  of  about  450,  the  sig¬ 
nal  output  from  the  mixer  of  each 
receiver  was  well  above  the  50- 
microvolt  level  required  by  the  f-m 
nnits.  The  system  maintained  nor- 
’’lal  communications  when  lower 
frequency  channels  failed  due  to  in¬ 
terference  conditions. 


and  the  crystal.  If  the  tube  with 
the  capacitive  reactance  in  its  grid 
circuit  oscillated  alone,  it  would 
operate  at  a  frequency  slightly 
higher  than  that  of  the  crystal,  due 
to  the  leading  phase  shift  at  its 
grid.  The  other  tube,  oscillating 
alone,  would  operate  at  a  frequency 
slightly  lower  than  that  of  the  crys¬ 
tal,  due  to  lagging  phase  shift  in 
its  grid  circuit.  The  two  tubes  are 
thus  arranged  to  oscillate  an  equal 
amount  above  and  below  the  crystal 
frequency,  and  their  common  tank 
circuit  is  tuned  to  the  crystal  fre¬ 
quency.  It  will  be  seen  that  it  is 
possible  to  swing  the  frequency  of 
the  oscillator  unit  about  the  crystal 
frequency  by  several  hundred 
cycles  per  second  when  audio  mod¬ 
ulation  is  applied  in  push-pull  to  the 
screen  grids  of  the  two  tubes. 

The  frequency  swing  that  such 
an  oscillator  is  capable  of  produc¬ 
ing  is  somewhat  less  than  the  ini¬ 
tial  oscillating  frequency  separa¬ 
tion  of  the  two  tubes.  The  factor 
which  determines  the  maximum 
separation  possible  with  stable 
operation  is  the  Q  of  the  crystal 


FIG.  12 — Basic  method  oi  screen-grid 
modulating  a  crystal-controlled  oscil¬ 
lator.  Useful  as  a  low-power  f-m  signal 
source,  the  circuit  is  a  modified  Pierce 
design  with  the  two  tubes  in  parallel 


feedback  loop.  No  amplitude  mod¬ 
ulation  is  present  in  the  unit,  be¬ 
cause  as  one  tube  begins  to  take  over 
frequency  control  it  also  increases 
its  power  output,  while  the  other 
tube,  in  losing  control,  reduces  its 
output.  This  keeps  the  net  power 
output  of  the  oscillator  constant 
over  the  entire  frequency  swing. 

Other  crystal-controlled  micro- 
wave  systems  have  been  built,  using 
phase  modulation  in  one  of  the  fre¬ 
quency  multiplier  stages,  with 
good  results.  Even  though  the 
phase  swing  is  rather  limited  in 
such  an  arrangement,  the  large 
multiplication  factor  again  brings 
it  up  to  values  which  are  quite 
usable  on  the  microwaves. 
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An  essential  element  of  an  a-c 
bridge,  such  as  those  used  for 
vacuum-tube  measurements,  is  a 
detector  or  null-indicator.^  The  day 
in  which  a  pair  of  earphones  suf¬ 
ficed  has  long  since  passed.  The 
present  paper  describes  a  tuned 
null-indicator,  for  a  1000-cycle 
bridge,  which  possesses  many  ad¬ 
vantages,  including  delayed  auto¬ 
matic-gain-control  and  both  cath¬ 
ode-ray  and  meter-indication  of 
output. 

Requirements 

Experience  has  shown  that  the 
chief  requirements  of  a  good  null 
indicator  are  high-sensitivity  near 
balance,  adequate  discrimination 
against  harmonics,  ability  to  dis¬ 
tinguish  phase  in  the  off-balance 
position,  a  visual  output  indicator 
to  minimize  operator  fatigue,  and 
overload  protection  when  the 


Delayed  automatic-gain-control  permits  utilization  of 
high  sensitivity  in  this  a-c  bridge  null-indicator  with 
visual  indication  of  phase  and  amplitude  relations 

By  E.  W.  HEROLD 

RCA  Laboratories 
Princeton,  New  Jersey 


bridge  is  far  off  balance.  The  high 
sensitivity  is  easily  met  by  a  two- 
stage  pentode  amplifier.  At  the 
same  time,  a  delayed  automatic- 
gain-control  may  be  used  as  over¬ 
load  protection  for  conditions  far 
off  balance  without  destroying  the 
sensitivity  at  balance.  Harmonic 
discrimination  is  accomplished  by 
using  tuned  choke  or  transformer 
coupling  while  phase  is  shown  by 
a  cathode-ray  type  of  indicator.®  In 
addition,  a  sensitive  output  meter 


is  a  useful  supplementary  unit. 

The  Circuit 

A  circuit  diagram  is  shown  in 
Fig.  1.  Input  is  to  be  connected  di¬ 
rectly  to  the  bridge  through  a 
tuned  transformer  which  is  a -part 
of  the  bridge  itself,  as  in  the  Gen¬ 
eral  Radio  type  561-D.  A  manual 
gain  control  permits  reduction  of 
large  inputs  to  below  the  value 
which  operates  the  automatic-gain- 
control  circuit.  The  two-stage 
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FIG.  1 — Complete  schematic  of  null-indicator.  This  circuit  offers  high  sensitiTity,  discrimination  against  harmonics,  ability  io 

distinguish  phase,  visual  output  indication  and  overload  protection 
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All  controls  are  plainly  marked  and  are  easily  accessible  in  this  rack  version  oi 
the  bridge  null-indicator 


5SK7  amplifier  has  a  special  inter¬ 
stage  transformer,  designed  by 
Mr.  Otto  Schade  of  RCA  Victor 
and  made  by  the  American  Trans¬ 
former  Company,  mounted  in  a 
rau-metal  shield  can.  For  highest  Q, 
about  13  at  1000  cycles,  the  inter¬ 
stage  transformer  tuning  capaci¬ 
tance  is  split  between  primary  and 
secondary  as  shown.  A  first-stage 
?ain  of  over  500  is  obtained.  The 
R-C  series  combination,  joining 
the  high  side  of  primary  and  sec¬ 
ondary,  eliminates  high-frequency 
resonance  (around  7000  cycles)  due 
to  the  second  resonance  peak  of  a 
double-tuned  circuit.  The  trans¬ 
former  must  be  correctly  poled  for 
this  connection  to  be  effective. 

The  second  6SK7  with  a  tuned- 
choke  plate  load,  which  has  a  1000- 
cycle  Q  of  about  5,  is  coupled,  di¬ 
rectly  to  one  vertical  deflection 
plate  of  a  2AP1  cathode-ray  tube, 
which  serves  as  an  output  ampli¬ 
tude  and  phase  indicator.  A  second 
indication  is  obtained  by  reading 
the  rectified  current  of  one  of  the 
6H6  diodes  on  the  output  meter. 
The  other  6H6  diode,  used  for 
automatic  gain  control,  has  a  posi¬ 
tive  delay  bias  of  about  100  volts 
applied  to  its  cathode.  The  auto- 
matic-gain-control  voltage  is  ap¬ 
plied  to  the  grid  of  the  second 
and  gives  adequate  limiting 
action  by  a  combination  of  bias 
'variation  and  plate-circuit  over¬ 
load  as  shown  in  Fig.  2.  The  meter 
ahunt  is  adjusted  to  give  full-scale 
indication  with  maximum  input. 

Horizontal  deflection  voltage  for 


the  cathode-ray  tube  is  obtained 
through  a  separate  input  from  the 
bridge  source,  and  is  amplified  by 
a  single  6SK7  tube  operated  with 
a  tuned-choke  plate-load  (a  6SJ7 
is  now  being  used  here).  The 
power  supply,  centering  circuits, 
etc.,  are  straightforward.  The 
cathode-ray  tube  is  operated  with 
its  cathode  300  volts  below  ground 
through  the  6X5  rectifier,  thus  pro¬ 
viding  a  second  anode  voltage  of 
600  volts  from  an  ordinary  300- 
volt  power  supply  transformer. 

Performance 

An  input  of  10  microvolts  is 
sufficient  to  give  an  observable  in¬ 
dication  on  either  the  meter  or  the 
cathode-ray  vertical  deflection. 
Figure  2  shows  the  input  vs.  out¬ 
put  curve  of  the  instrument  at  full 
gain.  As  the  input  is  increased, 
the  indication  increases  linearly 
up  to  about  half  scale  on  the  meter, 
at  which  point  the  automatic  gain 
control  begins  to  operate.  Thus, 
full  sensitivity  is  realized  over 
about  half  the  meter  range  and  yet 
the  meter  can  never  go  off  scale. 

Phase  indication  on  the  cathode- 
ray  tube  is  made  by  the  method 
devised  by  Lamson.*  With  this 
method,  a  resistive  unbalance  of 
the  bridge  is  caused  to  give  a  tilted 
line  on  the  cathode-ray  tube  by 
adjustment  of  the  horizontal  phase 
control.  An  unbalance  in  the  oppo¬ 
site  direction  is  shown  by  a  re¬ 
versal  of  slope  of  the  line,  and 
perfect  balance  by  a  !  orizontal 
line.  Reactive  unbalance  of  the 


bridge  causes  the  cathode-ray  pat¬ 
tern  to  become  an  ellipse.  The  out¬ 
put  indicating  meter  may  be  used 
as  a  simple  null  instrument  and 
also  as  a  quantitative  indicator  of 
the  relative  amount  of  input  volt¬ 
age  to  the  instrument. 

The  selectivity  of  the  null  in¬ 
dicator,  without  an  input  trans¬ 
former,  is  shown  in  Fig.  3.  It  is 
seen  that  second-harmonic  dis¬ 
crimination  is  about  35  db  and 
higher  harmonics  are  attenuated 
even  more.  When  the  selectivity  of 
a  tuned  input  transformer  (the 
bridge  output  transformer)  is  added 
to  this,  the  harmonic  reduction 
meets  the  most  severe  require¬ 
ments. 
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FIG.  2 — Sensitivity  curve,  showing  ef¬ 
fect  of  delayed  automatic-gain-control 
at  high  input  levels 


FIG.  3 — A  high  degree  of  selectivity  is 
obtained  by  the  coupling  methods  used 
in  the  null-indicator 
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Coaxial  Cable  Tests 


Production  testing  methods  suitable  for  coaxial  cable  depend  upon  ease  of  testing  and 
reducing  data  to  cable  parameters.  Open  and  shorted  cable  lengths  are  substituted  into 
either  bridge  or  resonant  circuits  using  variable  air  capacitors  for  balance 
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a  — attenuation  of  cable  in  nepers  per 
unit  length;  al:  Eq.  (19) 

— phase  shift  of  cable  in  radians  per 
unit  length;  0l:  Eq,  (20),  (25) 

B  — input  susceptance  of  cable;  Boe'. 
Eq.  (4) 

C  — capacitance  at  critical  condition 
with  unknown  in  circuit,  meas- 
ur^;  C\  without  unknown  in  cir* 
cuit,  measured;  Coe.  input  of  cable: 
Kq.  (3) ;  Cm,  mica  capacitor,  meas- 
ined:  Fig.  1(C);  C„  mica  capac¬ 
itor  and  cable  in  series,  measured: 
Fig.  1(C);  Cu  total  of  cable  in 
farads,  measured 

y — propagation  constant  per  unit 
leng^:  Eq.  (2),  (18),  (18a),  (21) 
D —dissipation  factor  (D  ^  Ft  a  C),  1 
measured;  Doe  input  of  cable:  Eq. 

(7) ,  (15);  Dm,  see  C„;  D„  see  C, 

8  — phase  angle  of  impedance 

E — potential,  measured;  Eg,  at'reso- 
nance 

/  — resonant  frequency  of  test  £able 
length,  measured 
G  — conductance,  measured 
$ — phase  angle;  doe,  admittance:  E]q. 

(5) ,  (7);  6,e,  impedance;  Eq.  (9) 

I — current,  measured;  /*,  at  reso¬ 
nance 

I  — length  of  cable  sample 
n  — number  of  quarter  wavelengths'of 
cable  sample 

00  — subscript  indicating  cable^output 
is  open  circuit 

R  — resistance,  measured,  see  C:  R', 
see  C';  Rm,  see  C„;  R„  see  C,; 
Ree:  Eq.  (16) 

if>  — phase  angle  of  admittance 
00  — subscript  indicating  cable*output 
is  short  circuit 

Xwe — reactance  at  cable  input  with 
cable  output  a  short  circuit:  Eq. 

(8) ,  (11) 

Yoe — admittance  at  cable  input  with 
cable  output  an  open  circuit:  Exi. 

(6) 

}f/  — phase  angle  of  tanh  y  I 
Z  — complex  impedance;  Zo,  charac¬ 
teristic:  Eq.  (1),  (17),  (17a)  (30); 
Zoo,  see  Foe;  Z*.,  see  Xk".  Eq.  (10) 


TABLE  1 — Symbols  for  coaxial  cable 
measurements  discussed  in  tbe  text 
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IN  TESTING  radio-frequency  coax¬ 
ial  cables  we  must  decide  what 
cable  properties  it  is  desirable  to 
know.  Parameters  of  prime  interest 
to  the  user  of  cable  are  the  working 
parameters,  that  is:  characteristic 
impedance  and  propagation  func¬ 
tion.  With  a  knowledge  of  these 
parameters  the  designer  of  radio¬ 
frequency  equipment  can  calculate 
the  performance  of  the  installed 
cable.  The  cable  design  engineer  is, 
of  course,  vitally  interested  in  these 
same  factors,  but  he  also  must 
know  the  basic  parameters  of  the 
cable,  that  is :  resistance,  induc¬ 
tance,  conductance,  and  capacitance. 

We  are  therefore  interested  in 
measuring  all  the  parameters  of 
the  cable,  both  basic  and  working. 
The  method  will  be  chosen  princi¬ 
pally  for  ease  and  accuracy  of 
measurement  and  computation. 

Test  Frequency 

It  has  been  found  expedient  in 
laboratory  cable  testing  to  stand¬ 
ardize  the  test  frequencies,  for  sev¬ 
eral  reasons. 

Many  specifications  are  written 
giving  limits  for  cable  parameters 
at  specified  frequencies.  Using  a 
few  predetermined  frequencies  it  is 
possible,  with  a  minimum  of  test¬ 
ing  to  make  comparisons  with 
other  cables  and  from  previous  ex¬ 
perience  to  estimate  probable  be¬ 
havior  at  other  frequencies.  Cor¬ 


rections  depending  on  frequency, 
which  must  necessarily  be  made  at 
high  frequencies,  can  be  systema¬ 
tized  by  graphs  and  tables  thereby 
cutting  the  time  of  computation  and 
reducing  the  probability  of  com¬ 
putation  error.  In  a  test  where 
actual  manipulation  of  instruments 
may  take  ten  minutes  or  less  and 
computations  may  occupy  three- 
quarters  of  an  hour,  the  time  factor 
becomes  important. 

Measurements  will,  therefore,  be 
made  at  fixed  frequencies.  This 
consideration  almost  entirely  elimi¬ 
nates  methods  of  test  which  re¬ 
quire  specific  electrical  lengths;  in 
fact  it  is  impractical  to  vary  the 
length  of  a  cable  until  an  exact 
resonant  length  is  obtained.  Fur¬ 
ther,  at  frequencies  below  one  meg¬ 
acycle,  a  quarter  wavelength  of  ca¬ 
ble  becomes  too  long  physically  for 
convenient  laboratory  testing. 

The  principal  method  left  is 
measurement  of  impedance  of  the 
cable  with  the  far  end  successively 
short-circuited  and  open-circuited. 
Characteristic  impedance  and  prop¬ 
agation  constant  may  be  determined 
from  these  measurements  by  the  re¬ 
lationships 

Zo  =  ^lz:^ _ 

7  =  (tanh-i  <ZoelZoe)ll  =  a -rj^  (2) 
The  symbols  used  in  equations  are 

defined  in  Table  I. 

Regardless  of  the  instrument  or 
circuit  used  for  measurement,  open- 


FIG.  1 — Coaxial  coble  can  be  connected  into  meosuring  circuit  by  (A)  parallel 
substitution,  (B)  series  substitution,  or  (C)  series-parallel  substitution 
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Coaxial  cable  in  position  for  parallel  substitution  measure¬ 
ments  has  its  outer  conductor  connected  to  the  variable  air 
capacitor.  The  parallel  combination  of  coble  and  capacitor 
is  connected  across  the  unknown  terminols  of  a  bridge 


For  series-parallel  substitution  a  short  wire  is  soldered 
between  the  outer  coaxial  braid  and  the  inner  conductor 
thereby  shorting  the  coble.  Cutting  wire  places  cable  and 
mica  capacitor  in  series  across  the  capocitor 


circuit  and  short-circuit  impedances 
may  be  determined  with  the  least 
probability  of  unaccounted-for  er¬ 
rors  by  some  form  of  substitution 
measurement. 

Ssbstitufien  Measurements 

Circuit  components,  which  at 
audio  frequencies  may  be  consid¬ 
ered  as  pure  elements  such  as  resis¬ 
tances  and  inductances,  will  in  gen¬ 
eral  show  at  radio  frequencies 
distributed  capacitance,  inductance, 
and  resistance,  which  alter  their  be¬ 
havior.  At  high  frequencies  the 
stray  component  becomes  appre- 
ciable,  and  introduces  into  any  cir¬ 
cuit  containing  it  an  impedance 
^hich  may  be  neither  readily  calcu- 
lated  nor  measured. 

In  general,  the  most  satisfactory 
standards  at  radio  frequency  are 
fixed  resistors  and  variable  capaci¬ 
tors.  Fortunately  the  residual  re¬ 
sistance  and  inductance  of  an  air 
capacitor  can  readily  be  measured, 
^d  from  these  measurements  its 
behavior  may  be  accurately  pre¬ 
dicted. 

A  substitution  method  will  reduce 
^  a  minimum  the  necessary  correc¬ 
tions  to  be  made  in  either  bridge  or 
resonance  methods.  If  all  imped¬ 
ance  is  defined  in  terms  of  fixed 
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resistance  and  variable  capacitance, 
with  reasonable  precautions  such  as 
correct  shielding  and  correction  for 
residual  parameters,  impedance  can 
be  measured  up  to  sixty  megacycles. 

Parallel  Sabstitutien 

The  parallel  substitution  method 
illustrated  in  Fig.  1(A)  is  com¬ 
monly  used  for  measurement  of 
relatively  high  impedances  such  as 
short  lengths  of  cable  under  open- 
circuit  conditions.  Results  are  most 
conveniently  expressed  as  admit¬ 
tance  (the  reciprocal  of  impedance) 
or  as  capacitance,  which  is  meas¬ 
ured  directly. 

Bridge  balance  or  resonance  is 
established  with  a  variable  air  ca¬ 


pacitor  alone  in  the  circuit.  The 
unknown  is  then  connected  in  paral¬ 
lel  with  the  air  capacitor,  and  the 
latter  is  varied  until  either  the 
bridge  is  rebalanced  or  the  circuit 
is  returned  to  resonance.  The  ca¬ 
pacitance  of  an  open-circuited  sam¬ 
ple  is  then  given  by 

Coe  =  (C'  -  O  (3) 

and  susceptance  by 

Boc  =  «  Coo  (4) 

If,  for  example,  the  initial  setting 
of  the  capacitor  at  a  frequency  of 
100  kilocycles  is  1000  /x/xf,  and  the 
second  setting  is  200  /x/xf.  Cot  = 
800  /x/xf,  and  B„c  =  2  n  (10*)  (800) 
ri0-‘*)  =  (503)  (10*)  mho.  As¬ 
suming  a  capacitor  having  a  range 


TABLE  II — Reactance  limits  of  series  or  series-parallel  substitution 


Frexj  in  Me 

C'  in  Mf 

Inductance 

Capacitance 

Range 

Range  in  /if 

.  0.01 

0.10  — 

0.25  — 

25 

Ath 

10  0  — 

10(K) 

0.01  — 

0.025  — 

2.2 

mil 

0  1  — 

10 

0.001  — 

2.5  — 
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mh 

0.001  — 

0.1 

0.10 

0.01  — 

0.25  — 

oo 

Mb 

0  1  — 

10 

0.001  — 

0.025  — 

1.3 

mh 

0.001  — 

0.1 

1.0 

0.0009  — 

0..32  — 

2.5 

mIi 

0.08  — 

0.001 

0.000.5  — 

1.0  — 

25 

Mh 

0.025  — 

0.001 

0.0001  — 

25.0  — 

220 

juh 

<0.001 

10.0 

0.0006  — 

0.007  — 

2.0 

Mh 

0.001.3— 

0.0.37 

ca^ 


#/ OET'  ^- 


FIG.  2 — For  meaturemonts  from  one 
kilocycle  to  live  megacycles  the 
Schering  bridge  is  the  most  usable 

of  100  to  1100  [ifxf,  the  range  of 
values  which  may  be  measured  with 
reasonable  accuracy  is  given  in  Ta¬ 
ble  II. 

The  conductive  component  of  the 
unknown  admittance  is  the  differ¬ 
ence  between  the  conductance  of  the 
parallel  combination  and  that  of 
the  air  capacitor  alone,  as  deter¬ 
mined  by  the  particular  measuring 
circuit  used.  A  bridge  will  often  be 
designed  to  yield  results  in  the  form 
of  dissipation  factor  (tangent  of 
the  defect  or  loss  angle) ;  if  so  the 
complex  admittance  may  easily  be 
determined  both  in  phase  angle  and 
magnitude  from  the  relationships 

cot  6qc  =  Doe  (5) 

1  oc  ~  Boel sin  doe  (6) 

If  Goc  is  measured  directly,  we  can 
also  apply  the  following 
cot  doe  ~  Ooe/ Boc  —  Doe  (7) 

In  all  these  measurements,  to  re¬ 
duce  the  determined  cable  para¬ 
meters  to  unit  length  the  results 
given  above  should  be  divided  by 
the  length  of  the  measured  cable. 

Series  Substitution 

For  measurement  of  low  imped¬ 
ances  such  as  short-circuited  sam¬ 
ples  of  short  length,  a  series  sub¬ 
stitution  method  illustrated  in  Fig. 
1(B)  is  used.  The  initial  balance  is 
made  as  before  on  a  variable  air  ca¬ 
pacitor  or,  particularly  at  fre¬ 
quencies  below  one  megacycle,  on  a 
mica  capacitor  of  suitable  capaci¬ 
tance  using  a  variable  air  capacitor 
in  parallel  as  a  means  of  measuring 
increments  of  capacitance. 

The  unknown  impedance  is  in¬ 
serted  in  series  with  the  capacitor, 
often  by  removing  a  short-circuit¬ 
ing  lead  from  its  terminals,  and  ini¬ 
tial  conditions  are  re-established  by 


resetting  the  air  capacitor.  The  re¬ 
actance  of  the  short-circuited  sam¬ 
ple  is  given  by 

=  (C  -  C')/u>  CC  (8) 

The  resistive  component  of  the 
unknown  impedance  is  the  differ¬ 
ence  between  the  resistance  of  the 
series  combination  and  the  effective 
series  resistance  of  the  capacitor 
alone,  as  determined  by  the  particu¬ 
lar  measuring  circuit  used:  R,e  = 
R  -  R'. 

The  complex  impedance,  in  mag¬ 
nitude  and  phase,  is  computed  from 
the  expressions 

cot  dec  =  Rtc/ Xtc  (9) 

Zee  =  XK/sin  dee  (10) 


UPPER  INDUCTANCE  LIMIT 


LOWER  J _ 

-T  inductance  limit 


10  15  20  Z5  30 

FEET  OF  CABLE  • 


FIG.  3 — To  determine  the  sample  length 
to  be  used  in  cable  testing,  a  chart  of 
this  type  is  made 

As  an  example,  at  100  kilocycles 
C'  is  0.01  /xf,  C  is  approximately  0.01 
/if  and  the  difference,  measured 
with  the  air  capacitor  is  25  /x/xf. 
The  reactance  given  by  Eq.  8  is 
X..  =  (25)  (10-“)/27t  (10)“  (0.01) 
(0.01)  (10-“)  =  0.398  ohm. 

Series-Parallel  Substitution 

For  measurement  at  frequencies 
of  one  megacycle  and  higher  it  is 
more  convenient  to  use  a  modifica¬ 
tion  of  the  series  substitution 
method.  In  this  case  the  substitu¬ 
tion  is  made  in  series  with  a  mica 
capacitor,  with  the  initial  and  final 
impedances  measured  by  a  parallel- 
substitution  method  across  a  vari¬ 
able  air  capacitor;  the  method  is 


called  series-parallel  substitution 
and  connections  are  shovm  in  Fig. 
1(C).  Reactance  is  given  by 

Xae  —  (fie  —  C"»)/ “  CeCoe  (11) 

If,  for  example,  measurement  by 
parallel  substitution  yields  1000 
/x/if  for  Cm  and  1010  /x/if  for  C,  at  a 
frequency  of  one  megacycle,  then 
by  Eq.  (11)  X.,  =  (10)  (10-“)/2* 
(1000)  (1010)  (10-*‘)  =  1.578  ohms. 

Resistance  Measurement 

The  resistive  component  of  im¬ 
pedance  is  equal  to  the  differenct 
between  the  measured  equivalent 
resistances  of  the  series  combina¬ 
tion  and  of  the  mica  capacitor 
alone.  If  the  parallel-substitution 
measurement  yielded  dissipation 
factor  for  the  two  measurements 
(Dm  and  D,  respectively)  the  resis¬ 
tances  are  given  to  a  close  approxi¬ 
mation  by 

Rm  =  Dm/  w  Cm  (12) 

Re  =  De/u,  Ce  (13) 

and  the  resistance  of  the  sample  is 
R,^  =  R,  —  R„.  The  complex  im¬ 
pedance  is  computed  as  for  the 
regular  series  substitution  measure¬ 
ment.  For  either  type  of  substitu¬ 
tion,  the  useful  range  of  measure¬ 
ment  is  shown  in  Table  III. 

Precautions  should  be  taken  in 
connecting  and  disconnecting  the 
cable  during  measurements  not  to 
change  stray  lead  impedances. 
Place  equipment  so  that  leads  are 
moved  but  short  distances,  and 
stray  capacitances  are  measured  as 
part  of  the  initial  capacitance  and 
do  not  appear  as  an  error  in  the  im¬ 
pedance  of  the  sample. 

Frequency  Range 

Until  now  only  general  methods 
of  measurement  have  been  dis¬ 
cussed.  The  actual  instrument  or 
circuit  used  for  these  measurement’ 
is  principally  dependent  upon  the 
test  frequency.  Up  to  three  mega¬ 
cycles,  bridge  measurements  are 
entirely  satisfactory.  A  Schering 
bridge  designed  for  radio-fre¬ 
quency  use  has  been  used  by  tii® 
author  with  consistent  results  from 
one  kilocycle  to  three  megacycle; 
with  proper  design  and  correction 
for  residual  parameters,  a  bridge 
may  be  used  as  high  as  fifty  mega¬ 
cycles. 

Schering  Bridge 

In  the  Schering  circuit  of  Fig-  2 
the  only  variable  elements  are  ca- 

•  October  1945  —  ELECTRONICS 


pacitive.  If  a  substitution  method 
is  used,  the  reactance  balance  is 
obtained  with  an  air  capacitor  used 
in  the  unknown  P  arm  of  the 
bridge;  phase  balance  is  obtained 
with  a  variable  air  capacitor  in  the 
diametrically  opposite  A  arm.  For 
an  equal-arm  bridge  (i.e.,  Ra  =  Ra) 
the  total  capacitance  in  the  P-arm 
remains  constant  and  the  change  in 
dissipation  factor  of  the  P-arm  is 
?iven  by 

Df  -  Df'  =  {Ca  -  Ca')  uRa  =  ad  (14) 
If  the  bridge  is  originally  balanced 
with  the  standard  capacitor  alone 
in  the  P-arm,  using  Cp  and  Ca  to 
attain  balance,  introduction  of  the 
sample  will  necessitate  a  change  in 
the  standard  capacitor  and  in  Ca  to 
rebalance  the  bridge.  The  change 
in  dissipation  factor  of  the  entire 
P  arm  depends,  not  on  an  absolute 
value  of  Ca,  but  merely  on  an  in¬ 
crement  which  can  be  accurately 
determined.  If  Ra  is  known,  capaci¬ 
tor  Ca  may  be  calibrated  directly  in 
dissipation  factor  at  a  given  fre¬ 
quency.  This  value  is  then  propor¬ 
tional  to  frequency  as  shown  by 
Eq.  14  and  calibrated  values  may  be 
multiplied  by  the  ratio  of  test  fre¬ 
quency  to  frequency  of  calibration 
to  obtain  values  at  other  frequen¬ 
cies.  Stray  capacitance  of  the  P 
arm  are  lumped  into  Cpo. 

With  the  Sobering  circuit,  dis¬ 
sipation  factor  of  a  capacitive  sam¬ 
ple  measured  by  parallel  substitu¬ 
tion  is  given  by 

Doe  =  [AD{C/  +  CFo)liCF'  -  Cp)]  + 

Rc  «  (Cp'  +  Cp)  (15) 

For  series  substitution,  the  re- 


Fewest  possible  alterations  should  be 
iBade  in  changing  connections.  For 
uries  substitution,  connection  is  ar> 
ranged  so  that  removing  plug  jumper 
*1  right  inserts  the  mica  capacitor  in 
••ries  with  cable  and  at  the  same  time 
removes  the  short  on  the  cable 


sistance  is  given  by 

le,  =  aD(Cp'  -h  Cpo)/«  Cp'»  (16) 

The  variable  capacitor  Ca  can  be 
calibrated  in  terms  of  resistance 
instead  of  AD  by  measuring  an  ac¬ 
curately  known  resistor  as  a  stand¬ 
ard.  By  this  means,  the  absolute 
value  of  Cp'  need  not  be  accurately 
known,  and  correction  for  stray 
capacitance  is  automatically  made. 
Correction  should  also  be  made  for 
the  residual  inductance  of  leads  in 
the  P  arm. 

Resonance  Method 

It  has  been  found  expedient  to 
use  resonance  methods  at  fre¬ 
quencies  of  five  megacycles  and 
higher.  Ordinarily,  the  resistive  or 
conductive  component  of  the  un¬ 
known  impedance  or  admittance  is 
determined  from  the  width  of  the 
resonance  curve,  when  current  or 
voltage  is  plotted  against  capaci¬ 
tance  setting  of  a  variable  air  ca¬ 
pacitor  used  as  a  standard. 

The  following  means  of  inter¬ 
preting  resonance  data,  suggested 
by  Sinclair,  is  less  subject  to  the 
error  which  might  occur  in  a  single 
measurement.  If  the  ordinate  is 
made  \/{Ea/Ey  —  1,  and  the  ab- 
cissa  capacitance,  for  parallel  reso¬ 
nance,  or  if  for  series  resonance 
\/  {I a/ ly  —  1  is  plotted  vs  the  elas- 
tance  (reciprocal  of  capacitance), 
the  real  component  of  impedance 
may  be  determined  from  the  slopes, 
and  the  reactive  component  from 
the  intercepts  on  the  axis.  The  lim¬ 
its  of  resistance  which  can  be  meas¬ 
ured  are  determined  by  ability  to 
distinguish  between  two  very 
nearly  equal  slopes  at  one  end,  and 
by  inability  to  obtain  a  wide 
enough  portion  of  the  resonance 
curve  at  the  other. 

Calculation  of  Results 

As  mentioned  earlier,  character¬ 
istic  impedance  and  propagation 
function  may  be  computed  from  the 
complex  values  of  short-circuit  and 
open-circuit  impedances.  If  both 
have  been  measured  as  impedance, 
the  following  equations  apply 

^0/  5  ~  V^ac  ^oc/b.O  (^ac  "i~  J 

tanh  =  VZ^/Zoc/O-S  (9^  —  Q  (18) 

If,  as  is  customary  for  short  sam¬ 
ples,  the  open-circuit  measurement 
has  been  made  in  terms  of  admit¬ 
tance,  the  following  modifications 
are  used 


Measurements  by  resonance  method 
lue  resonant  circuit  in  large  lower 
shield.  Vacuum-tube  voltmeter,  test 
coble  (left),  variable  capacitor,  ond  in¬ 
put  circuit  (right)  are  connected  by 
rigid  straps 

Zo/o  =  Vz;7^/0.5  (Oae  -  0„)  (17a) 

tanh  yl/\p  =  yZgeVoc/O-S  (9^  -f-  ^oc)  (18a) 

The  value  of  yl  is  determined  from 
its  hyperbolic  tangent.  For  short 
lengths  of  sample,  this  is  most 
readily  accomplished  by  using 

tanh  2al  =  (2  jtanh  yl\  cos^)/ 

(1  -f  Itanh  7/1*)  (19) 

tan  2  j8/  =  (2  jtanh  7/I  sin^)/ 

(1  -  Itanh  7/1*)  (20) 

where  tanh  yl  is  determined  from 
Eq.  18  or  Eq.  18a.  Table  IV  gives 
approximations  for  characteristic 
impedance  and  phase  shift  which 
are  valid  under  the  specific  condi¬ 
tions. 

For  lengths  over  ^  wavelength 
the  above  expressions  still  apply, 
but  work  may  be  sometimes  simpli¬ 
fied  by  using  a  hyperbolic  tangent 
table.  Another  method  of  deter¬ 
mining  yl  from  the  tanh  is 

7/  =  0.5  log«  [(1  +  tanh7l)/ 

(1  -  tanh  7/)]  (21) 

where,  in  general,  log«  (r/d)  = 
log*  r  -f  jo.  Having  determined 
yl  =  oJ,  +  jpl,  the  propagation 
function  per  unit  is  easily  obtained, 
since  it  varies  directly  with  length. 
That  is 

a  =  aZ  (1000/Z)  nepers/1000  ft. 
fi  =  (1000/Z)  radians/1000  ft. 

The  primary  constants  may  be 
found  as  follows 
Z/  0  =  yZt)  =  i?  “f-  j  w  Z(  (22) 

Y j <p  =  7/Z0  =  (7  -j-  j  ci»  C  (23) 

Resistance:  R  =  Z  cos  0  ohms/ 
1000  ft 
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TABLE  III — Reactance  limits  of  paral¬ 
lel  substitution 


Freq  in 

Inductance 

Capacitance 

Me 

Range 

Range  in  p.pt 

0.01 

250  mb  — 25  h 

10—1000 

0.10 

2.5  mb  — 250  mb 

10—1000 

1.0 

25  Alb — 2.5  mb 

10—1000 

10.0 

0.5  A(b  — 25  /ub 

10—  500 

Inductance:  L  =  (Z  sin  0)/o> 
henrys/lOOO  ft 

Conductance :  G  =  Y  cos  <i> 
mhos/1000  ft 

Capacitance:  C  =  Y  sin  <f>/ui  far¬ 
ads/1000  ft 

where  y  and  Zo  are  both  considered 
as  vector  quantities,  having  mag¬ 
nitude  and  phase  angle.  If  the 
length  of  sample  is  electrically 
short  (i.e.,  less  than  1/60  wave¬ 
length,  or  6  degrees)  tanh  yl  does 
not  differ  by  more  than  one  per¬ 
cent  from  yl  in  either  real  or  imag¬ 
inary  parts,  and  the  primary  con¬ 
stants  may  be  computed  from  the 
measured  values  of  short-circuit 
and  open-circuit  impedance  as  fol¬ 
lows 

R  =  JJ„(1000/l)  ohms/1000  ft 

L  =  fX.o/a))  (1000/0  henrys/ 
1000  ft 

G  =  G„c  (1000/0  mhos/1000  ft 

C  =  Coe  (1000/Z)  farads/1000  ft 

Ultrahigh-Prequency  Measurements 

At  ultrahigh  frequencies  neither 
bridge  nor  resonance  methods  may 
be  used  satisfactorily.  The  usual 
method  of  test  consists  of  an 
attenuation  measurement,  gener¬ 
ally  of  the  insertion-loss  type. 

Insertion-loss  methods  depend 
upon  measurements  of  power,  volt¬ 
age,  or  current  at  each  end  of  a  ca¬ 
ble  loosely  coupled  to  an  oscillator  at 
one  end  and  terminated  in  its 
characteristic  impedance  at  the 
other.  The  attenuation  constant 
can  then  be  computed  by  whichever 
of  the  following  relationships  is 
applicable 

Attenuation  (db)  = 

10  log,o  (P.„/P„u,) 

Attenuation  (db)  = 

20  logjo  (E,„/E„„,) 

Attenuation  (db)  = 

20  logio  (Ii„/Iout) 

Characteristic  impedance  can  be 
measured  by  determining  the  fre¬ 
quency  at  which  a  length  of  cable 
becomes  resonant  (i.e.,  the  fre¬ 
quency  at  which  it  is  an  odd 


TABLE  IV — Approximate  formulas  for  computing  cable  parameters 


Condition 

Formula 

al  <0.02 

a  1  =  (tanb  Y  1  cos  9)  /  (1  -f  tanb  *  Y  1) 

Xtc/ftK  >  O  1 

al  =(/?„/  Zo  +  GooZo)  /  2  (1  -f  Z„ciS.K=) 

Boc/Goc  >22  J 

/3/  =  (Z«Boc)'/*/  (l-^«fioc) 

[Zo  =(Z«/Boc)‘'2 

quarter-wavelength  electrically) . 
From  this  frequency,  and  the 
capacitance  of  the  whole  length, 
which  may  be  determined  for  non¬ 
polar  dielectrics  at  a  lower  fre¬ 
quency,  the  characteristic  imped¬ 
ance  is  given  by 

Zo  =  4nCt/  (24) 

Phase  shift  is  determined  from  the 
same  measurements  by 
P  =  500wn/l  radians/lOOO  ft  (25) 

Relative  velocity  of  propagation, 
expressed  in  percent  of  velocity  in 
free  space,  is 

%V  =  l.28fllirn  (38) 

Choice  of  Sample  Length 

If  approximate  values  of  the 
cable  parameters  are  known  in  ad¬ 
vance,  it  is  possible  to  select  a 
length  of  sample  which  will  place 
the  short-circuit  and  open-circuit 
impedance  measurements  in  the 
middle  of  the  testing  range  for  the 
available  equipment.  In  the  first 
place,  it  is  desirable  to  keep  the 
length  below  approximately  fifty 
feet  from  the  standpoint  of  con¬ 
venience.  A  typical  example  will 
show  how  sample  length  may  be  de¬ 
termined. 

Cable  parameters  at  one  mega¬ 
cycle  are 

Resistance:  0.02  ohms  per  ft 

Inductance :  0.80  microhenrys 

per  ft 

Conductance :  0.60  micromhos  per 
ft 

Capacitance:  30.  micromicrofar¬ 
ads  per  ft 

Phase  shift:  0.5  degrees  per  ft 

Figure  3  shows  inductance,  ca¬ 
pacitance  and  phase  shift  as  a 
function  of  sample  length.  Limit¬ 
ing  values  for  inductance  range 


TABLE  V — Optimum  length  of  cable 
sample 


Freq  in  Me 

I.«ngtb  in  Ft 

0.01 

25—30 

0.10 

15—30 

1.0 

8—25 

100.0 

(100  ±2.5) 

using  900  ixfxi  in  a  series  or  series- 
parallel  substitution  are  shown  in 
Fig.  3(A).  The  limits  for  capaci¬ 
tance  range  in  a  parallel  substitu¬ 
tion  measurement  across  a  capaci¬ 
tor  having  a  range  of  1000  ixixf  are 
shown  in  Fig.  3(B).  The  maximum 
limit  for  short-line  calculations  is 
shown  in  Fig.  3(C). 

It  may  be  seen  that  for  ease  in 
computation  a  10-foot  length  of 
sample  is  satisfactory.  If  a  longer 
sample,  possibly  more  representa¬ 
tive  of  the  cable  as  a  whole,  is 
desired,  and  if  time  for  calculation 
is  not  a  deciding  factor,  a  20-ft  to 
30-ft  length  of  sample  may  be  used, 
and  parameters  computed  from  the 
long-line  equations.  Similar  plots 
may  be  drawn  for  other  frequen¬ 
cies  and  types  of  measurement. 

For  direct  attenuation  measure¬ 
ments  it  becomes  necessary,  in 
spite  of  considerations  of  conven¬ 
ience,  to  use  a  longer  length.  Too 
short  a  length  would  not  yield  in¬ 
puts  and  outputs  sufficiently  differ¬ 
ent  from  each  other  to  give  precise 
computed  values  of  attenuation. 
Table  V  shows  test  lengths  which 
have  been  found  convenient  over 


the  frequency  range. 
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Industrial 

Test  Equipment  Design 


Circuit  analyzers  suitable  for  bench  work  frequently  fail  when  subjected  to  necessarily 

rough  treatment  in  the  field  and  in  shops  handling  heavy  work.  This  article  tells  why 

they  fail,  and  suggests  design  improvements 


This  paper  is  based  upon  notes 
made  during  the  training  and 
supervision  of  a  crew  of  repair- 
force  men  in  a  large  east  coast 
shipyard.  It  is  slanted  directly  at 
postwar  manufacturers  of  test 
equipment  and  is  intended  to  bring 
out  the  fact  that  most  circuit 
analyzers  designed  for  shop  work 
are  inadequate  for  field  duty  since 
the  conditions  encountered  are  en¬ 
tirely  different,  especially  where 
heavy  construction  work  is  in 
progress. 

The  shortcomings  of  the  ordi¬ 
nary  commercial  analyzer  can  be 
summed  up  in  a  few  words — inade¬ 
quate  provision  for  mechanical 
and  electrical  damage-protection, 
inadequate  shock-proofing,  and  in¬ 
sufficient  water  and  dust-proofing. 
The  large  damaged  test  equipment 
backlog  in  industrial  plants  doing 
essential  war  work  is  eloquent 
testimony  to  this  fact. 

Mechanical  Damage-Praofing 

Out  in  the  field,  tools  may  be 
<iropped  upon  the  analyzer,  or  it 
'nay  be  struck  against  ladder 
’■nngs,  scaffolding,  switchboards, 
etc.  This  common  trouble  points 
out  the  need  for  white-metal,  brass 
or  aluminum  alloy  knobs,  or  at 
'ery  least  more  rugged  plastic 
Ifnobs.  Welding  and  burner-torch 
sparks  burn  most  plastic  knobs. 

Analyzer  panels  should  be  made 
of  heavier-gage  metal.  If  such 


By  TED  POWELL 

Neic  York,  N.  Y. 


equipment  is  leaned  against  acci¬ 
dently,  or  a  fairly  heavy  weight  is 
rested  on  it,  the  ordinary  light¬ 
weight  panel  warps  or  collapses 
entirely.  Furthermore,  selector 
switches  inside  the  analyzer  case 
may  be  cocked  and  their  wiring 
may  strain  against  them.  This 
often  warps  thin  pancake  switch 
sections  enough  to  cause  the  con¬ 
tacts  to  open  up. 

The  panel  instrument  or  meter 
glass  window  is  probably  the  big¬ 
gest  headache  for  field  service 
technicians.  If  the  palm  of  the 
hand  is  accidently  pressed  against 
the  meter,  or  if  the  meter  is  struck 
against  an  obstruction,  or  if  some- 


TYPICAL  TROUBLES 

Control  knobs  brnak  or  bnrn 
Panels  bend  or  collapse 
Meter  glass  moves  or  shatters 
Meter  pointers  stick 
Meter  pointers  bend 
Meter  hair-springs  buckle 
Meter  cases  smash 
Test-lead  insulotion  wears 
Jacks  and  binding-posts  weaken 
Switch  contacts  corrode 
Sub-assemblies  shift 
Wiriug  tears  loose 
Insulation  resistance  declines 
Ohmmeters  burn  out 


thing  ia  dropped  on  the  analyzer,  a 
collapsed  or  smashed  glass  is  the 
usual  result.  If,  instead  of  fitting 
the  meter  window  in  an  inside  re¬ 
cess,  it  could  be  set  in  an  outside 
recess,  it  would  at  least  not  cave 
in  on  the  dial  and  indicator  or 
pointer  at  the  slightest  pretext. 
The  meter  could  be  further  pro¬ 
tected  by  a  plate  of  Plexiglass  or 
Lucite  or  some  other  non-brittle 
plastic. 

Meter  cases  are  too  fragile  as  a 
rule.  If  an  analyzer  is  accidentally 
dropped  a  few  inches  the  weight  of 
the  meter  parts  often  tears  the  me¬ 
ter  case  apart.  A  heavier  case  and 
base,  and  more  anchoring  screws 
between  them,  would  greatly  re¬ 
duce  trouble. 

Flush-mounted  meters  are  ad¬ 
visable,  since  protruding  meter 
cases  are  struck  against  ob.struc- 
tions  while  the  analyzer  is  carried 
about  on  a  construction  job.  A  pro¬ 
tective  cover  cannot  be  perpetually 
opened  and  closed  without  wasting 
too  much  time  on  rush  jobs. 

Resistor  assemblies  should  not 
be  secured  to  small  sub-assembly 
panels  which,  in  turn,  are  secured 
to  meter  terminals.  If  the  analyzer 
is  accidentally  dropped,  the  weight 
of  the  resistors  in  conjunction 
with  the  weight  of  the  meter  parts 
frequently  tears  the  plastic  meter 
case  open  or  tears  the  case  anchor¬ 
ing  screws  out  of  the  meter  base. 

Industrial  analyzer  potentiome- 
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ters  should  be  at  least  1-watt  units. 
They  must  be  considered  from  the 
mechanical  as  well  as  the  elec¬ 
trical  angle  for  reasonable  wear. 

Jacks  and  binding  posts  should 
be  more  massive.  The  usual  light¬ 
weight  posts  quickly  wear  out  or 
develop  loose  contacts,  and  their 
insulation  often  breaks  apart  and 
falls  through  the  panel.  They 
should  preferably  be  of  a  flush- 
panel  design,  to  avoid  breakage. 

More  rugged  test  leads  are 
needed.  Conductors  often  break  at 
the  plug-in  jacks  and  at  the  plastic 
tubing  end  of  the  test  prods. 
Edges,  where  the  test-lead  wire 
enters  prods  and  jacks,  should  be 
chamfered  off  and  cushioned  with 
some  sort  of  a  flexible  plastic 
sheath  in  order  to  prevent  flex- 
point  copper  embrittlement  and 
breakage. 

Electrical  Damage-Proofing 

A  serious  and  perpetual  head¬ 
ache  is  the  ohmmeter-burn-out-on- 
energized-circuit  problem.  One 
test  crew  is  frequently  unaware  of 
what  another  is  doing  elsewhere 
on  a  job,  and  throws  switches.  The 
other  crew,  taking  cold-circuit 
readings,  sees  its  analyzer  meter 
indicator  or  pointer  do  a  rhumba, 
sees  smoke  curl  up  from  behind 
the  panel  and  says  goodbye  to  the 
meter  or  multipliers  or  both. 

Low-current  fuse  protection  is 
rarely  adequate  protection  because 
of  the  relatively  high  resistance 
and  time-constant  of  fuses  in  the 
milliampere  ranges.  Some  sort  of 
midget  relay  protection  is  needed. 

A  switch  or  pushbutton-con¬ 
trolled  neon  indicator  lamp  would 
be  useful  in  a  copper-oxide  meter 
t5T)e  analyzer,  to  act  as  a  voltage 
indicator.  When  both  lamp  elec¬ 
trodes  glowed,  the  voltage  under 
test  would  be  a-c.  When  only  one 
electrode  glowed,  the  voltage  supply 
would  be  d-c.  This  would  reduce 
damage  to  sensitive  copper-oxide 
rectifiers. 

When  an  analyzer  is  accidentally 
connected  across  the  wrong  ter¬ 
minals  excessive  meter  current 
may  be  drawn  and  the  meter-move¬ 
ment-coil  restraining  hair-springs 
may  buckle  up  or  cone  up.  This 
spring-buckling  action  necessi¬ 
tates  opening  the  meter  case  and 
flicking  the  buckled  hairsprings 
back  into  shape  again.  Some  sort 


of  light-weight  disks  or  cross-bars 
might  be  mounted  on  the  coil-shaft 
close  to  the  hair-springs  to  pre¬ 
vent  them  from  buckling  up. 

A  common  design  fault  is  the 
use  of  a  single  meter-indicator 
stop  near  the  pivot  end.  When 
analyzer  test  prods  are  accidentally 
placed  across  the  wrong  ter¬ 
minals  and  the  meter  indicator 
slams  across  the  dial  it  strikes  the 
single  stop,  bends  around  it  and 
either  breaks  off  or  is  warped  out 
of  shape.  If  two  stops  were  used, 
one  near  the  pivot  end  as  usual  and 
one  out  near  the  indicator  end,  the 
indicator  would  not  so  often  be 
damaged.  Stops  should  be  soft- 
spring  cushioned  to  further  reduce 
damage. 


Shock-Proofing 

Meter-pivot  conical  thrust-bear¬ 
ing  points  exert  a  pressure  of  from 
one-quarter  to  two  tons  per  square 
inch  upon  their  jewel  bearings.  If 
an  analyzer  is  jarred  sharply,  pivot 
points  are  sometimes  flattened  and 
jewel  bearings  are  gouged  or  frac¬ 
tured.  Meter  action  becomes  sticky 
and  erratic  and  meter  readings  are 
worthless.  For  this  reason,  field- 
duty  analyzers  should  be  shock- 
proofed  by  floating  them  in  sponge 
rubber  or  on  springs.  This  would 
also  reduce  shock-demagnetization 
of  meter  permanent  magnets. 

Small  jewel  bearings  might  be 
spring-cushioned  against  collars, 
so  that  the  springs  would  absorb 
shock.  At  the  same  time,  the  bear¬ 
ing  clearance  might  be  made  ad¬ 
justable. 

Meter  hair-springs  can  buckle 
up  from  severe  vertical  shock  as 
well  as  from  overload  current.  Not 
only  will  hair-springs  buckle  up 
under  such  a  condition  but  they 
may  also  jam  up  in  the  fine  turns 
of  wire  on  the  crossbar  counter¬ 
weights.  Again,  this  points  out  the 
need  for  some  sort  of  light-weight 
disks  or  crossbars  next  to  the 
pivot  hair-springs  to  prevent  buck¬ 
ling  action. 

Analyzer  wiring  should  be 
arranged  and  secured  with  an  eye 
to  shock  and  vibration  .conditions. 
Constant  shock-flexing  of  wiring 
will  result  in  crystallization  at 
connection  points,  and  breakage 
and  opens.  Similarly,  if  resistors 
are  allowed  to  hang  loosely,  or 
have  wiring  or  other  components 


hanging  from  them,  the  interna 
connections  may  work  loose. 


Water  and  Dust-Proofing 


Field  service  conditions  often 
require  the  use  of  an  analyzer  un¬ 
der  rain,  snow,  dust  or  fume  con¬ 
ditions.  Protective  covers  cannot 
be  kept  closed  while  tests  are  be¬ 
ing  conducted,  especially  on  an 
emergency  job.  For  this  reason,  in¬ 
dustrial  analyzers  should  be  water 
and  dust-proofed. 

The  meter  panel  can  be  recessed 
in  a  rubber-gasketed  groove  in  the 
analyzer  case.  Test-lead  jacks  and 
binding  posts,  and  the  meter  itself, 
can  be  set  in  rubber-washer 
mountings.  The  individual  com¬ 
ponents  can  themselves  be  water¬ 
proofed. 

Analyzer  case  covers  could  be 
rubber  gasketed  and  could  con¬ 
tain  a  water-tight  plastic  window, 
so  that  under  severe  conditions  the 
cover  could  be  closed  down  and 
readings  taken  through  the  win¬ 
dow. 

Wiring  should  employ  one  of  the 
new  synthetic-resin  plastic-insu¬ 
lated  wires  now  available.  Such  in¬ 
sulation  is  practically  moisture, 
chemical,  fungus  and  corrosion- 
proof.  The  40  and  50-/xa  meters  are 
highly  sensitive  and  some  older 
insulations,  tightly  laced,  often  de¬ 
velop  too  much  leakage  error, 
especially  in  the  case  of  outdoor 
field-duty  analyzers. 

Soldered  connections  should  be 
cleaned  off  with  carbon  tetrachlor¬ 
ide  during  analyzer  production, 
since  most  fluxes  are  hygroscopic. 
The  consequent  moisture  absorp 
tion  results  in  chemical  and  elec 
trolytic  corrosion  at  connections 
It  is  advisable  to  paint  over 
dered  joints  with  Glyptal,  Dolph’s 
Oil  or  asphalt  paint  such  as  Rub- 
beroid.  This  is  especially  im¬ 
portant  where  chemical  fumes  may 
later  be  present.  Corrosion  is 
especially  troublesome  at  selector- 
switch  connections. 

Where  severe  moisture  condi¬ 
tions  are  apt  to  be  encountered,  it 
is  advisable  to  provide  for  an 
easily  and  externally  replaceable 
cartridge  of  silica  gel  or  some  sim¬ 
ilar  hygroscopic  desiccant  chem¬ 
ical  in  order  to  keep  the  analyzer 
interior  dry. 

Water-proofing  the  analyzer 
automatically  keeps  it  dust-proof- 
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This  is  of  great  advantage  where 
testing  must  be  carried  out  on, 
say,  a  steel  construction  job. 
Metallic  dust  and  fragments  work 
their  way  into  the  usual  commer¬ 
cial  analyzer  and  into  the  meter 
coil  or  magnetic  air  gap.  This  re¬ 
sults  in  a  sticky  or  jamming  in¬ 
strument,  and  the  trouble  cannot 
usually  be  corrected  by  blowing 
out  or  jarring. 

Ordinary  dust  will  also  cause 
some  trouble.  It  coats  internal 
analyzer  wiring  and  circuit  com¬ 
ponents  and  insulation  surfaces, 
moisture  is  absorbed  by  this  dust 
film  and  leakage  paths  and  corro¬ 
sion  are  set  up. 

Design  Suggestions 

Batteries  replaceable  from  the 
outside  of  an  analyzer  through 
water-tight  covers  would  be  a 
time-saving  convenience  and 
would  stop  unnecessary  punish¬ 
ment  of  the  analyzer  wiring  and 
components  during  the  replace¬ 
ment  routine. 

Wider-scale  meters  are  needed 
in  analyzers.  They  save  eye  and 
nerve-strain,  especially  in  poor- 
visibility  field  conditions. 

Shoulder-straps  are  useful  for 
analyzer  cases  used  out  in  the  field. 
Ladders  and  scaffolding  can  be 
more  easily  and  safely  climbed 
with  the  analyzer  slung  from  a 
shoulder. 

Spring  clips  for  securing  test 
leads  would  be  a  convenience 
where  the  open-faced  type  an¬ 
alyzer  is  involved.  This  would  pre¬ 
vent  loss  of  the  test  leads  and 
would  also  increase  the  portability 
of  the  analyzer. 

Some  sort  of  an  air-gap  shield 
Might  be  advisable  for  field-type 
Mialyzer-meters.  It  would  tend  to 
“keep”  the  permanent  magnet  and 
would  also  discourage  the  migra¬ 
tion  of  metallic  dust  into  the  air- 
Wp  by  reducing  the  magnet’s  stray 
Magnetic  field. 
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Analyzer  Range  Needs 

Many  commercial  analyzers 
iMve  a  low-range  ohmmeter  scale 
^th  a  center-scale  reading  of  30 
to  50  ohms,  which  is  too  high  for 
Most  practical  work.  The  center- 
scale  reading  should  not  be  more 
than  10  or  15  ohms,  so  that  resist- 
Mices  of  one-tenth  or  one-eighth- 
ohm  could  be  easily  read.  Resist- 


A  typical  ship  yard,  in  which  test  equipment  used  during  the  repair  of  dam¬ 
aged  electronic  and  electrical  gear  is  subjected  to  necessarily  rough  usage. 
Test  equipment  used  in  many  industrial  plants  encounters  similar  conditions 


ance  readings  lower  than  this  are 
not  usually  required.  Terminal- 
lug,  plug,  switch  and  cable-copper 
series-resistance  total  up  to  one 
or  two  ohms  for  frequently  en¬ 
countered  cable  runs.  Where  very- 
low  resistances  must  be  read  in 
special  instances,  a  Kelvin  bridge 
or  Wheatstone  bridge  should  pref¬ 
erably  be  used. 

The  usual  ohmmeter  does  not 
have  a  high  enough  ohmmeter 
scale.  It  should  be  readable  to 
about  five  megohms,  since  some 
cable  specifications  call  for  insula¬ 
tion  readings  of  about  five  meg¬ 
ohms  for  normal  cable  lengths  and 
operating  temperatures.  Such  a 
high-range  scale  is  a  convenience 
and  a  time-saver,  since  sectional 
preliminary  ground  checks  can  be 


made  before  a  final  over-all  Meg¬ 
ger  or  electronic  megohmmeter  in¬ 
sulation  test  is  made.  The  average 
battery-powered  high-range  ohm¬ 
meter  will  usually  read  about  one- 
third  to  one-fifth  too  high  as  com¬ 
pared  to  the  high-voltage  insulation 
testers  but  will  generally  show  up 
all  low  and  medium-resistance 
grounds  and  leaks. 

Most  analyzers  lack  a  500-volt 
range.  There  is  usually  a  750-volt 
jump  from  the  250  to  the  1,000- 
volt  range.  A  great  deal  of  the 
postwar  radio  and  electronic  fol¬ 
low-up  equipment  will  probably 
use  amplifier-circuit  voltages  in 
the  250  to  500-volt  range.  The 
more  common  use  of  a  500-volt 
scale  would  save  many  man-hours 
of  test  work  in  the  field. 
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rystal-Tuned 


FREQUENCY-modulation  broad¬ 
casting  has  been  proposed  as 
a  greatly  improved  medium  for  pro¬ 
viding  a  high-quality  transmission 
of  programs,  unmarred  by  back¬ 
ground  noise,  static  and  man-made 
electrical  interference.  While  a 
number  of  radio  engineers  take  a 
controversial  point  of  view,  f-m  is 
here  to  stay  and  has  already  re¬ 
ceived  promising  commercial  ac¬ 
ceptance. 

To  fully  secure  the  benefits  of  f-m 
it  is  necessary,  among  other  things, 
that  accurate  tuning  means  be  pro¬ 
vided  in  the  receiver.  The  heart  of 
receiver  stability  lies  in  the  local 
oscillator  and  i-f  system.  Only  with 
proper  stability  will  the  noise-free 
and  distortionless  capabilities  of 
f-m  reception  be  attained. 

The  purpose  of  this  paper  is  to 
take  up  engineering  and  commer¬ 
cial  considerations  that  will  show 
the  benefits  to  be  derived  from  the 
use  of  quartz  crystals  as  the  means 
of  obtaining  stability  hitherto  un¬ 
realized,  in  a  manner  practical  from 
design  and  cost  viewpoints  and  at¬ 
tractive  from  sales  and  advertising 
angles. 

When  the  receiver  to  be  described 
was  designed  and  built  the  final 
f-m  allocations  were  far  from  set¬ 
tled,  consequently  it  was  made  for 
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the  42-50  me  f-m  band.  Some  of  the 
necessary  changes  for  operation  at 
the  new  frequencies  will  be  dis¬ 
cussed. 

Oseiilater  and  I-F  Design 

Desirable  stability  has  been  ex¬ 
pressed  as  ±0.01  percent  of  carrier 
or  ±5  kc  at  50  me.  This  stability, 
neglecting  variations  in  transmit¬ 
ter  carrier  center  frequency,  may 
be  expressed  as  the  permissible  fre¬ 
quency  drift  in  the  local  oscillator 
over  temperature  ranges  from  40 
to  120  F  and  over  humidity  condi¬ 
tions  between  5  and  100  percent  for 
relatively  long  periods  of  time. 

The  transmitter  channel  accuracy 
is  held  to  within  0.002  percent 
(rtlOOO  cycles).  The  receiver  de¬ 
sign  engineer  is,  therefore,  faced 
with  a  problem  of  maintaining  de¬ 
sign  and  production  tolerances  in 
his  oscillator  and  i-f  system  to 
within  ±A  kc  for  the  lower-fre¬ 
quency  f-m  band.  At  the  new 
higher  frequencies,  holding  the  lo¬ 
cal  oscillator  to  required  stability 
will  be  even  more  difficult.  To  ap¬ 
proach  this,  using  a  self -excited  os¬ 
cillator,  the  entire  system  must 


make  use  of  closely  calibrated  ca¬ 
pacitors  and  trimmers  having  neg¬ 
ative  temperature  coefficient,  and 
low-thermal  -  expansion  materials 
for  coil  forms,  switch  wafers,  sock¬ 
ets,  etc.  Low-expansion  metals  (In¬ 
var  or  similar)  for  powdered  iron 
inductance  trimmer  mountings  and/ 
or  variable  capacitor  components 
are  all  considerations  that,  in  addi¬ 
tion  to  posing  major  design  diffi¬ 
culties,  certainly  fall  in  the  cate¬ 
gory  of  expensive. 

The  burden  on  the  design  engi¬ 
neer  will  be  considerably  reduced 
if  he  has  readily  available  an  eco¬ 
nomical  and  simple  means  of  hold¬ 
ing  one  major  section  within  very 
close  limits.  This  would  apply 
either  to  the  local  oscillator  or  the 
i-f  channel.  Whichever  one  is  eas¬ 
ily  held  within  close  tolerances  ob¬ 
viously  allows  more  leeway  in  the 
other. 

Advantages  of  Quartz  Crystals 

From  the  above  considerations 
and  others  which  will  be  explained 
in  detail,  it  was  decided  to  approach 
the  local  oscillator  problem  by  ap¬ 
plying  quartz  crystals  in  such  a 
manner  as  to  realize  their  inherent 
frequency  stability. 

Quartz  wafers  may  be  processed 
to  provide  almost  inconceivable  ac- 


Top  and  bottom  views  ol  chassis  oi  laboratory  model,  S-stotion  crystal-tuned  l-m  receiver.  Highest-guality  parts  were  us*^ 

throughout  since  production  engineering  was  not  required 
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F-M  Receivers 


Quartz  crystals  in  the  oscillator 
stage  of  a  superheterodyne  f-m 
receiver  provide  hitherto  unreal¬ 
ized  stability,  make  tuning  inde¬ 
pendent  of  listener  skill,  and  offer 
other  advantages 


TABLE  I.  FREQUENCY  VALUES  FOR 
NINE-STATION  F-M  RECEIVER 


Freq. 

Ose. 

Crystal 

in 

Freq. 

Freq. 

Station 

me 

in  me 

in  me 

W2XMN 

4S.8 

27.8 

5.56 

WNYC-FM 

43.9 

28.9 

5.78 

WGYN 

44.7 

29.7 

5.94 

WEAF-FM 

45.1 

30.1 

6.02 

WQXQ 

45.9 

30.9 

6.18 

WHNF 

46.3 

31.3 

6.26 

WABC-FM 

46.7 

31.7 

6.34 

WBAM 

47.1 

32.1 

6.42 

WABF 

47.5 

32.5 

6.50 

Closeup  of  oscillator  and  mixer  stages,  in  black  metal  boxes. 
The  plug-in  quartz  crystals  are  readily  changed.  Since  two 
trimmers  are  associated  with  each  crystal,  only  two  adjust¬ 
ments  need  be  made  after  a  new  crystal  is  inserted 


curacy  of  frequency  control.  On  a 
laboratory  basis,  one  part  in  5  mil¬ 
lion  (0.0002  percent)  is  common. 
On  a  production  basis,  economical 
performance  can  be  realized  within 
0.001  percent,  which  is  300  cycles 
at  30  me.  Variations,  due  to  tem¬ 
perature  and  humidity  conditions, 
result  in  an  additional  0.004  per¬ 
cent— a  total  deviation  of  0.005 
percent  or  roughly  1500  cycles.  This 
allows  a  margin  of  :t3  kc  overall, 
a  readily  obtainable  result  with 
standard  components. 

Other  advantages  to  be  realized 
from  the  use  of  quartz  crystals  in 
the  local  oscillator  of  an  f-m  cir¬ 
cuits  are 

(1)  Most  existing  f-m  receivers 
are  subject  to  wide  drift  which 
during  the  first  half-hour  of  oper¬ 
ation  necessitates  retuning  until 
temperature  stability  has  been  es¬ 
tablished,  and  still  requires  occa¬ 
sional  retuning  thereafter.  The  use 
cf  quartz  control  eliminates  this 


undesirable  condition,  if  design  con¬ 
siderations  outlined  above  are  fol¬ 
lowed. 

(2)  Crystal  control  circuits  lend 
themselves  to  practical  applications 
of  pushbutton  or  fixed  station  tun¬ 
ing.  This  is  particularly  important 
in  view  of  the  fact  that  conven¬ 
tional  LC  pushbutton  circuits  above 
20  me  are  a  major  design  and 
manufacturing  problem.  Further¬ 
more,  manual  tuning  devices  for 
f-m  require  repeated  attention  and 
skill  on  the  part  of  the  user  if  opti¬ 
mum  performance  is  to  be  realized. 
In  fact,  conventional  tuning  is  im¬ 
practical  unless  combined  with  a 
suitable  (and  expensive)  tuning  in¬ 
dicator  device. 

(3)  From  an  economic  stand¬ 
point,  the  comparative  cost  of  a 
properly  designed  8  or  10-position 
crystal  tuner  is  not  unfavorable 
when  measured  against  the  cost  of 
one  manual  tuner  with  proper  in¬ 
dicator  or  pushbutton  tuner  of  con¬ 


ventional  design,  or  a  combination 
of  the  two.  This  is  particularly  true 
if  the  advantages  and  better  per¬ 
formance  of  crystal-controlled  cir¬ 
cuits  are  taken  into  account.  In 
other  words,  it  is  possible  to  justify 
and  even  capitalize  through  sales 
and  advertising  on  the  benefits  of 
crystal  operation. 

(4)  Fixed  crystal  tuning  has 
sales  and  service  advantages  un¬ 
realized  in  conventional  types  of 
fixed  station  tuning. 

(5)  Factory  and  service  align¬ 
ment  is  simplified  by  using  crystals. 

Desigii  Data 

To  illustrate  the  principle  of 
crystal  control,  a  model  receiver  op¬ 
erating  in  the  lower-frequency  f-m 
band  (42  to  50  me)  was  designed 
and  built.  For  a  tuning  range  of  40 
to  50  me,  the  i-f  band  width  was 
dblOO  kc,  and  crystal  oscillator  sta¬ 
bility  at  the  5th  harmonic  was  bet¬ 
ter  than  ztl.5  kc.  The  overall  sta- 
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FIG.  1 — Schematic  circuit  diagram  oi  laboratory  model  crystal-tuned  f-m  receiver  employing  an  8-position  sWl'*® 


Oc/ober  194S  —  ELECTRONICS 


bility  (including  station  drift)  was 
rtS  kc.  Audio  response  was  30  to 
15,000  cycles,  as  checked  over  the 
air  in  cooperation  with  an  f-m  sta¬ 
tion.  Overall  sensitivity  was  better 
than  10  microvolts. 

Crystal  Frequency  Considerations 

In  selecting  the  fundamental 
crystal  frequencies,  caution  should 
be  exercised  so  that  none  of  the 
crystal  harmonics  will  equal  the  i-f 
value.  Other  considerations  are 
manufacturing  ease,  temperature 
drift,  and  economy  of  quartz. 

It  was  decided  to  use  crystals 
having  fundamental  frequencies 
between  5  and  8  me  as  they  are  eas¬ 
ily  made  and  are  comparatively 
rugged. 

An  i-f  value  of  15  me  was  chosen, 
for  reasons  to  be  taken  up  later. 
With  this  i-f  value,  the  local  oscil¬ 
lator  frequencies  needed  for  f-m 
stations  currently  occupying  the 
42-50  me  band  in  the  New  York 
area  are  as  indicated  in  Table  I. 

Inspection  of  the  table  will  make 
it  apparent  that  the  fifth  harmonic 
of  the  crystal  is  used  for  the  local 
oscillator  frequency. 

Oscillator  Circuit  Design 

It  was  necessary  to  develop  a 
crystal  oscillator  circuit  that  would 
give  sufficient  output  on  the  fifth 
harmonic  and  suppress  the  adjacent 
harmonics  on  either  side.  This 
means  that  the  plate  circuit  of  the 
oscillator  must  have  high  Q  in  or¬ 
der  to  accentuate  the  desired  and 
to  attenuate  the  unwanted  har¬ 
monics. 


The  complete  schematic  circuit 
diagram  in  Fig.  1  shows  the  oscil¬ 
lator  circuit  used.  An  output  of  15 
to  20  volts  is  obtained  at  the  fifth 
harmonic,  measured  across  the 
plate  tank  of  the  crystal  oscillator 
tube,  depending  on  the  activities  of 
the  crystals.  Crystals  with  activ¬ 
ities  readily  obtainable  in  mass  pro¬ 
duction  were  used  throughout. 

Considerable  time  was  spent  on 
this  particular  circuit  development. 
Screen  grid  and  control  grid  feed¬ 
back  is  used  to  help  maintain  oscil¬ 
lation.  The  circuit  will  oscillate 
when  a  crystal  is  plugged  into  one 
of  the  sockets.  Oscillation  is  not 
dependent  on  the  setting  of  the 
plate  LC  load.  The  plate  tuned  cir¬ 
cuit  is  used  only  for  harmonic  ac¬ 
centuation  and  attenuation,  as 
previously  explained. 

Oscillator  voltage  is  injected  into 
the  control  grid  of  the  mixer  tube 
through  a  small  capacitor,  the  value 
of  which  has  been  chosen  to  put  an 
optimum  voltage  on  the  mixer  tube 
grid  for  best  conversion.  Other 
means  of  voltage  injection  may  be 
used,  but  the  above  means  was  ex¬ 
pedient.  The  antenna  is  fed  directly 
into  the  mixer  grid  coil  by  induc¬ 
tive  coupling. 

The  crystal  frequency  can  read¬ 
ily  be  determined  from  the  formula 
/  =  (/o  —  fi)/n,  where  f  is  the 
crystal  frequency,  fo  is  the  carrier 
frequency,  //  is  the  intermediate 
frequency,  and  n  is  the  harmonic 
order  integer  applicable. 

A  three-deck,  eight-position  ro¬ 
tary  switch  is  incorporated  for  se¬ 
lecting  stations.  A  rotary  switch  is 


used  in  preference  to  a  pushbutton- 
type  switch  for  ease  of  assembly, 
attainment  of  shorter  leads  and 
self-wiping  action  obtainable. 

Intermediate-Frequency  Conslderatloat 

Although  the  present  f-m  band  is 
only  8  me  wide,  FCC  reports  makes 
it  likely  that  ultimately  an  f-m  band 
30  me  wide  will  be  in  existence.  The 
i-f  value  should  be  at  least  half  of 
that  width  (15  me)  in  order  to 
eliminate  images  within  the  band, 
hence  15  me  was  chosen  for  the  ex¬ 
perimental  model. 

Another  consideration  is  that  the 
higher  the  i-f  value  the  lower  the 
oscillator  frequency,  with  the  oscil¬ 
lator  on  the  low  side  of  the  carrier 
frequency.  The  use  of  a  15-mc  i-f 
value  also  eliminates  the  need  for 
an  r-f  stage  ahead  of  the  mixer  for 
suppressing  image  response.  The 
antenna  and  tuned  input  to  the 
mixer  grid  provide  sufficient  selec¬ 
tivity. 

Construction  Details 

The  laboratory  model,  multi-sta¬ 
tion  f-m  receiver  using  a  crystal- 
controlled  local  oscillator  was  built 
to  study  the  effects  of  crystal  con¬ 
trol  on  reception  of  eight  f-m  sta¬ 
tions  in  the  New  York  area. 

Two  meters  were  placed  on  the 
panel  to  make  the  receiver  self-suf¬ 
ficient  in  that  no  other  test  equip¬ 
ment  is  necessary  for  alignment 
Operating  parameters  are  easily 
and  quickly  determined  from  the 
meter  readings.  A  rotary  selector 
switch  allows  either  or  both  meters 
to  be  cut  out  of  the  circuit. 
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The  crystal  oscillator  and  mixer 
are  built  into  a  separate  6x5x4- 
inch  metal  box,  filament  and  plate 
power  being  supplied  through  cera¬ 
mic  feed-through  insulators.  Ca¬ 
bles  and  fittings  are  used  for  an¬ 
tenna  input  and  for  feeding  from 
the  mixer  plate  to  the  i-f  input. 

The  i-f  and  audio  stages  are  on  a 
8  X  17  X  3-inch  chassis,  with  i-f 
stages  built  in  line  along  the  front, 
and  audio  stages  occupying  the  rear 
of  the  chassis.  Power  is  supplied 
from  an  external  source. 

The  i-f  limiter,  discriminator 
and  audio  stages  are  conventional 
and  require  little  explanation. 

The  unusually  large  number  of 
mica  bypass  capacitors  is  due  to 
the  fact  that  the  receiver  was  de¬ 
signed  as  a  laboratory  model,  no  ex¬ 
pense  being  spared  in  its  construc¬ 
tion  and  no  production  engineering 
being  done.  However,  if  the  power 
supply  is  combined  on  the  same 
chassis,  the  0.01-/if  filament  and 
power  supply  bypass  capacitors  will 
not  be  needed.  For  i-f  bypass  ca¬ 
pacitors,  paper  may  be  substituted 
for  mica.  However,  if  oscillations 
should  occur  due  to  the  increased 
inductance  of  the  paper  capacitors, 
mica  will  have  to  be  used.  The  use 
of  any  paper  capacitors  in  the  r-f 
unit  is  contraindicated. 

Alignment  Procedure 

During  alignment,  the  0-200  /xa 
carrier  level  meter  is  connected  in 
series  with  the  limiter  grid  and  is 
used  for  aligning  the  i-f  amplifier 
and  checking  carrier  levels  of  sta¬ 
tions.  The  50-0-50  /xa  deviation 


meter  is  connected  across  the  dis¬ 
criminator  and  is  used  for  balanc¬ 
ing  the  discriminator  and  for  ob¬ 
serving  crystal  drift.  Alignment 
of  the  i-f  amplifier  is  effected  by 
sweep  generator  methods. 

Insert  the  complement  of  station 
crystals.  Make  sure  stations  are  on 
the  air,  rotate  the  selector  switch 
to  the  proper  channel,  and  carefully 
adjust  the  oscillator  trimmer  and 
mixer  trimmer  for  maximum  lim¬ 
iter  grid  current.  This  is  done  for 
each  station. 

Unless  each  crystal  is  on  the  ex¬ 
act  required  frequency  the  discrim¬ 
inator  meter  will  not  read  zero.  The 
reading  for  each  station  will  vary 
plus  or  minus  from  zero  depending 
on  how  far  off  the  crystal  happens 
to  be.  Movement  of  this  meter  read¬ 
ing  over  a  period  of  time  will  show 
crystal  drift;  station  carrier  shift 
will  also  be  indicated,  but  this  may 
be  neglected. 

Conclusions 

At  the  time  of  this  writing  the 
above  receiver  has  been  in  opera¬ 
tion  every  day  for  over  two  months. 
From  the  time  it  was  initially 
aligned  it  has  not  been  touched. 

The  maximum  drift  observed  has 
been  about  3  kc.  This  drift  is  an  ac¬ 
cumulation  of  several  factors,  such 
as  aging,  heat,  humidity,  line  volt¬ 
age  fluctuations,  and  station  center 
frequency  deviation. 

In  order  to  check  drift  the  read¬ 
ing  of  the  deviation  meter  must  be 
correctly  evaluated. 

From  a  serviceman’s  point  of 
view,  alignment  is  swift  and  sure. 


Front  view  oi  crystal-tuned  receiver. 
Large  knob  at  center  controls  8-position 
rotary  selector  switch  providing  instant 
choice  of  eight  preselected  f-m  stations 

Listeners  will  have  a  receiver  that 
will  always  give  them  f-m  at  its 
best  without  the  need  of  careful 
tuning,  as  there  is  no  tuning. 
Should  the  listener  move  to  another 
area,  different  crystals  can  be 
plugged  in  to  cover  stations  in  the 
new  locality  and  the  r-f  trimmers 
quickly  realigned. 

Whereas  the  above  analysis  has 
dealt  chiefly  with  the  receiver  de¬ 
sign  for  the  present  f-m  band 
(42-50  me),  the  considerations 
shown  become  of  even  greater  im¬ 
portance  in  the  new  band  (88-106 
me). 

For  operation  in  the  higher-fre¬ 
quency  band  the  i-f  and  audio  sys¬ 
tems  remain  the  same.  The  r-f  unit 
will  have  to  be  modified.  All  com¬ 
ponents  comprising  the  unit  should 
be  arranged  to  result  in  the  short¬ 
est  possible  leads.  Heavy  wire,  such 
as  No.  6  or  8  or  small  diameter  cop¬ 
per  tubing,  preferably  silver  plated, 
will  make  ideal  inductances.  Un¬ 
doubtedly,  some  of  the  new  high- 
frequency  miniature  tubes  will  give 
superior  performance,  especially  in 
the  mixer  stage. 

Summary 

Optimum  f-m  reception  requires 
a  high  degree  of  tuning  accuracy 
and  stability.  The  use  of  quartz 
crystals  in  the  local  oscillator  of  an 
f-m  receiver  is  the  most  economical 
means  of  obtaining  the  desired  re¬ 
sult  while  permitting  the  balance 
of  the  receiver  to  follow  conven¬ 
tional  lines  of  design  and  manufac- 
facture.  In  addition,  crystal-tuned 
f-m  receivers  provide  instant,  ex¬ 
act,  and  stable  tuning  that  insures 
optimum  performance  independ¬ 
ently  of  the  user’s  skill.  Finally, 
crystal-tuned  f-m  receivers  will  be 
much  easier  to  service  and  main¬ 
tain  and  will  minimize  the  equip¬ 
ment  and  skill  of  the  serviceman. 


••lector  sv/Itch  that  makes  tuning  independent  oi  listener  skill 
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GRAPHICAL 


FIG.  1 — ^Example  showing 
how  addition  of  iirst  three 
principal  components  Eg, 
E,.  and  E^  gives  a  reason¬ 
ably  close  opproximation 
Eg  to  a  pure  triangulor 
wove 


Simple  procedure  for  determining  equation  of  wave  and  harmonic  amplitudes  up  to  the 
sixth  hy  measuring  ordinates  on  a  cathode-ray  oscilloscope  screen  or  elsewhere,  then  sub¬ 
stituting  measured  values  in  6,  8,  or  12-point  schedules  requiring  only  use  of  arithmetic 


By  LARRY  S.  COLE 

Department  of  tfailin 
Utah  State  Agricultural  College 
Logan,  Utah 


The  determination  of  the  d-c 
and  various  a-c  components  of 
a  complex  or  distorted  wave  (such 
as  might  be  seen  on  an  oscilloscope 
screen)  is  frequently  of  consider¬ 
able  importance  and  value  to  both 
the  student  and  the  engineer.  The 
graphical  method  presented  here 
will  yield  this  information  with 
sufficient  detail  and  accuracy  for 
all  ordinary  needs,  is  purely  arith¬ 
metical,  and  requires  no  long  or  in¬ 
volved  calculations. 

PriaeipUs  of  Method 

Any  sine-wave  voltage  making  a 
specified  angle  with  the  time  base 
can  be  represented  by  a  sine-wave 
voltage  (in  phase  with  the  time 
base)  and  a  cosine-wave  voltage  (a 
sine  wave  90®  out  of  phase  with  the 
time  base),  each  having  the  proper 
magnitude.  The  reason  for  the 
utilization  of  this  principle  is  that 
often  one  of  the  sine- wave  com¬ 
ponents  of  a  complex  wave  is  out  of 
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phase  with  the  time  base  of  the 
complex  wave.  In  the  analysis  to 
follow,  such  a  component  will  ap¬ 
pear  as  a  sine  and  a  cosine  term, 
and  to  obtain  the  magnitude  of  the 
actual  component  (and  its  phase 
angle  if  desired),  these  two  terms 
are  simply  added  vectorially. 

Any  continuous  and  periodic  com¬ 
plex  wave  of  voltage  (or  current) 
can  be  duplicated  by  adding  to¬ 
gether  a  number  of  separate  volt¬ 
ages  (or  currents),  each  of  which 
is  a  simple  sine  or  cosine  wave  form 
of  proper  magnitude  and  frequency 
plus,  in  some  cases,  a  d-c  voltage 
(or  current).  Further,  the  fre¬ 
quencies  of  these  a-c  voltages  will 
be  integral  multiples  (harmonics) 
of  the  frequency  of  the  complex 
wave. 

As  an  example,  consider  the  tri¬ 
angular  wave  shown  in  Fig.  lA 
having  a  peak  value  of  1  volt  and 
a  period  of  1/10  sec  (frequency  10 
cycles).  The  Foutier  analysis  of 


this  particular  wave  shows  its  prin¬ 
cipal  components  to  be  a  d-c  voltage 
of  0.5  volt,  an  a-c  voltage  of  0.405 
volt  at  10  cycles  with  a  phase  angle 
of  —90°,  and  an  a-c  voltage  of 
0.045  volt  at  30  cycles  with  a  phase 
angle  of  —90°. 

Figure  IB  shows  the  results  of 
adding  together  these  first  three 
principal  components,  which  gives 
a  reasonably  good  approximation  of 
the  original  triangular  wave.  Of 
course  the  wave  contains  an  infinite 
number  of  higher-order  components 
other  than  those  named,  but  they 
are  of  rapidly  decreasing  magni¬ 
tude.  (The  next  two,  the  5th  and 
7th,  have  magnitudes  of  0.0162  and 
0.00827  respectively). 

We  may  summarize  these  princi¬ 
ples  by  stating  that  the  equation  of 
the  general  complex  wave  may  be 
written  in  the  form 

Eg  =  Eo  -f-  (eisio2T/(  -|-  Eicos'lirft)  -t- 
(eisin2T2/(  Etcosl2ir2ft)  -f 
(ej8in2T3/0  +  £|C082T3ft) 

(Cn8in2Tn/<)  +  EnCOs2Tnft) 

October  1945  —  ELECTRONICS 


L  ANALYSIS  OF 
COMPLEX  WAVES 


o  the 
[  sub- 
metic 


where  is  the  d-c  component,  6i  + 
jEi  is  the  fundamental  a-c  compo¬ 
nent  (having  the  same  period  as 
that  of  the  complex  wave),  e,  -f  jE» 
is  the  second  harmonic  a-c  compo¬ 
nent  (having  a  period  one-half  that 
of  the  complex  wave),  etc.  In  a  large 
number  of  practical  cases,  we  are 
only  interested  in  the  first  two  or 
three  a-c  components  of  a  complex 
wave  because  the  magnitudes  of  the 
higher-order  components  are  small. 


Utilizing  the  above  formula  and 
the  principles  just  discussed,  let  us  ■ 
analyze  one  cycle  of  the  general 
complex  wave  of  period  1/f  sec  (fre¬ 
quency  /),  shown  in  Fig.  2,  for  the 
d-c  and  first  three  a-c  components. 

Analysis  of  General  Complex  Wave 

First,  we  divide  the  period  of  one 
cycle  of  the  complex  wave  (1//  sec) 
into  six  equal  intervals  of  1/6/  sec 
each.  From  the  graph,  we  measure 


the  instantaneous  values  of  the  com¬ 
plex  wave  at  these  time  intervals, 
noting  the  respective  values  as  F,, 
y„  Ys,  etc.,  and  tabulate  as  follows : 


Time  (see) 
Inst,  values 


_l_  _2 
6/  6/ 
Yi  Yt 


6/ 

Yi 


_4_ 

6/ 


_5_  i. 
6/  / 
Y,  Y* 


Since  the  value  of  the  complex 
wave  at  any  instant  must  be  equal 
to  the  algebraic  sum  of  its  compo¬ 
nents  at  that  instant,  we  may  write 
the  following  equations 


[iJClii: 


riTiTOi 

Bi 


TJTTj 


^ — Complex  wove,  ihowing  method  of  meaiuring  ordinate*  lot  a  tix-point  analytis.  The  d-c  component  ond  the  five  aine-wore 
^^*9onents  ore  drawn  in  here  only  for  illustrotlTO  purpoaei  without  any  attempt  to  show  correct  amplitudes,  and  are  not  needed  in 

the  graphical  analysis  described 
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At*l  *  1/6/ sec: 

Sm  ^  Ki  “  Et  “I" 

eitaoZrf  X  1/6/  4-  Eicm2wf  X  1/6/  + 
eririn2TX2/X  1/6/  + 

EtcoB2wX2fX  1/6/ + 

£m;os2t  X  3/  X  1/6/ 

At’t  “  2/6/  sec: 

E  M  =  Ki  =  Eo  -f" 

«,8in2T/  X  2/6/  +  EicoB2irf  X  2/6/  + 
«*8in2xX2/X2/6/  + 

£ico82ir  X  2/  X  2/6/  4- 
E,cos2t  X  3/  X  2/6/ 

At  (  =  3/6/  sec: 

—  Ki  =  Eo  -f" 

«i8in2T/  X  3/6/  4-  £?icos2ir/  X  3/6/  + 
etfin2ir  X  2/  X  3/6/  +  j 
£.co82ir  X  2/  X  3/6/  4- 
^,co82x  X  3/  X  3/6/ 

At  t  =  4/6/ sec: 

Eb  =  1^4  =  Eo  4" 

Ci8in2x/  X  4/6/4-  Eicoa2-irf  X  4/6/  4* 
es8in2x  X  2/  X  4/6/  4- 
A’.co82x  X  2/  X  4/6/  4- 
£:,coa2T  X  3/  X  4/6/ 

At3<  =  5/6/  sec: 

=  y§  =*  £io  -|- 

e,8in2r/  X  5/6/  4*  Eicoa2irf  X  5/6/  4- 
e.mn2x  X  2/  X  5/6/  4- 
E^a2w  X  2/  X  5/6/  -t- 
£ico82ir  X  3/  X  5/6/ 

At  (  =  V/sec: 

■B*  1^6  —  Eo  4" 

ei8in2x/  X  1//  4-  EicoB2irf  X  1//  4- 
ciBin2x  X  2/  X  1/f  4- 
BKJOB2ir  X  2/  X  1/f  4- 
B,co827r  X  3/  X  1// 

These  six  equations  become,  after 
simplification  and  substitution  of 
trigonometric  values 

Ki  =  Bo  4-  (1/2^B,  +  ( V3/2)c,  - 
(1/2)B,-1-  (V3/2)c,  -  B, 
r.  =  B,  -  (l/2^Bi  4-  ( V3/2)e,  - 
(1/2)B,-  (V3/2)e,4-  B, 

Kj  =  Be  —  Bi  Bi  —  Bj 
re  =’B,  -  (l/2^Bi  -  (V3/2;e,  - 
(1/2)B.  4- ( V3/2)e,  4- B, 
r.  =,Bo  4-  (l/2^Bi  -  ( V3/2;c,  - 
(1/2)B4-  (V3/2)c,-  B, 

K»  =  Bo  4“  Bi  4"  Bj  4*  Ej 
We  now  have  six  linear  simultan¬ 
eous  equations  containing  six  un¬ 
knowns  Eo,  El,  e„  Ei,  Co,  and  Eo. 
(The  Y  values  are  known,  having 
been  measured  from  the  graph.) 
When  solved,  these  equations  give 
the  values  set  forth  in  Table  I  for  a 
six-point  analysis.  Corresponding 
formulas  for  the  eight  and  twelve- 
point  methods,  also  given  in  Table 
I,  are  derived  in  the  same  manner 
and  are  used  when  it  is  necessary  to 
take  a  greater  number  of  points  in 
order  to  secure  more  detailed  and 
accurate  results.  The  d-c,  funda¬ 
mental,  and  harmonic  components 
are  obtained  from  these  values  in 
the  manner  indicated  at  the  bottom 
of  the  table. 

The  phase  angles  of  the  various 
a-c  components  with  the  time  base 


TABLE  I.  SCHEDULES  FOR  GRAPHICAL  ANALYSIS  OF 
COMPLEX  WAVES 

SIX-POINT  SCHEDULE — ^for  d-c,  Ist,  2nd,  and  3rd  harmonics 
Bo  =  (1/6)  iYi+Yo-\-Yo  +Yo+Yo+  Y,) 

El  =  (1/6)  (Ki  -  y,  -  y«  4-  Yo)  +  (1/3)  (-  y,  4-  Yo) 

Cl  =  (V3/6)  (y,4- y*-  Yo  -  Yo) 

Eo  =  (1/6)  (-  y,  -  y*  -  yo  -  y.)  4-  (1/3)  (y,  4-  y«) 

eo  =  (V3/6)(y,  -  y2  4-  yo  -  Yo) 

Eo  =  (1/6)  (-y,  +  Yo-  Yo+  Yo  -  Yo+  Y,) 

EIGHT-POINT  SCHEDULE  —  for  d-c,  Ist,  2nd,  3rd,  and  4th  harmonics 
Bo  =  (1/8)  (Pi  +  y,  -I-  y,  4-  ^0  4-  n  +  y«  4-  Pt  4-  Yo) 

El  =  ( V2/8)  (y,  -  y,  -  n  4-  y,)  -f  (1/4)  (-  Po  4-  y») 

c,  =  ( V2/8)  ( y,  4-  Ps  -  Po  -  1^7)  4-  (1/4)  ( Yi  -  Yo) 

B2  =  (1/4)  (-  Pj  4-  y,  -  y,  4-  Pg) 
eg  =  (1/4)  (P,  -  y,  4-  Pg  -  y,) 

Ei  =  ( V2/8)  (-  y,  +  Fg  +  Pg  -  y,)  4-  (1/4)  (-  Po  4-  Yo) 

eg  =  ( V2/8)  (-  y,  4-  y»  -  Ps  -  Pr)  4-  (1/4)  (-  Yi  +  Yo) 

Eo  =  (1/8)  (-  y,  4-  Pg  -  y,  4-  i^o  -  n  4-  n  -  Pt  4-  Yo) 

TWELVE-POINT  SCHEDULE— for  d-c,  Ist,  2nd,  3rd,  4th,  5th,  and  6th 
harmonics 

Bo  =(1/12)  (y,  4-  y*  4-  y»  4-  Po  +  y»  4-  n  +  1^7  4-  y8;4-  y.  4-  Yio  +  y,, 
4*  2^1*) 

El  =  ( V3/12)  (Pi  -  Pg  -  y,  4-  y„)  4-  (1/12)  (Pg  -  Po  -  P,  4-  Pio)  4- 
(1/6)  (-  y,  4-  y,g) 

e,  =  (1/12)  (P.  4-  Pg  -  y,  -  y,o  4.  ( V3/12)  (Pg  4.  y^  -  Pg  -  y.,)  4- 

(1/6)  (Pg  -  Po) 

Bg  =  (1/12)  (Pi  -  Pg  -  Po  4-  Po  4-  1^7  -  Pg  -  Pio  4-  Pii)  4-  (1/6)  (-  P,  + 
Pa  -  y*  4-  Pit) 

e,  =  ( V3/12)  (Pi  +  Pg  -  Po  -  Pa  4-  y7  4-  Ps  -  Pio  -  Pii) 

Bg  =  (1/6)  (-.Pg  4-  Po  -  n  4-  Pa  -  ^10  4-  Yu) 

e,  =  (1/6)  (Pi  -  P,  4-  n  -  P7  4-  Po  -  Pii) 

Bo  =  (1/12)  (-  Pi  -  Pg  -  Po  -  Pa  -  P7  -  Pa  -  Pio  -  Pii)  +  (1/6)  (P,  4- 

Pa  4-  Po  4*  l^u) 

eo  =  (  V3/12)  (Pi  -  Pg  4-  Po  -  Pa  4-  P7  -  Pa  4-  Pio  -  Pii) 

Eo  =  ( V3/12)  (-  Pi  4-  Pa  4-  P7  -  Pii)  4-  (1/12)  (Pg  -  Po  -  Pa  4-  i"io)  4- 
(1/6)  (-  Pa  4-  ^12) 

cg  =  (1/12)  (Pi  4-  Pg  -  Pg  -  Pii)  4-  (V3/12)  (-  Pg  -  p,  4-  Pg  +  Pig)  4- 
(1/6)  (P,  -  Po) 

Eo  =  (1/12)  (-  Pi  4-  P2  -  Pa  4-  Ko  -  Pg  4-  Pa  -  P7  4-  Pa  -  Po  4-  I'la 
—  Pii  4-  P12) 

SIGNIFICANCE  OF  NOTATIONS 

D-c  component  =  Bo  _ 

Fundamental  a-c  component  =  ei  4- jBi;  peak  value  =  Vci*  -f-  Bi^ 

Second  harmonic  a-c  component  =  eg  4-  jBg;  peak  value  =  Vcg*-^  Bg* 

Third  harmonic  a-c  component  =  eg  4- jBg;  peak  value  =  Veg*  4-  Bg* 

Fourth  harmonic  a-c  component  =  eo  4- jBo;  peak  value  =  Vep*  4-  Bo* 

Fifth  harmonic  a-c  component  =  eg  -f-jBg;  peak  value  =  Veg*  +  Eo' 

Sixth  harmonic  a-c  component  =  Bg  (peak  value) 


[i^ 


of  the  complex  wave  are  generally 
of  no  interest,  but  may  be  obtained 
from  the  complex  notations  if  de¬ 
sired. 

Example  1 

To  illustrate  the  application  of 
the  formulas  just  developed  for  a 
six-point  analysis,  let  us  analyze 
the  complex  wave  of  Fig.  3,  whose 


period  is  1/10  sec  (frequency  10 
cycles). 

First,  divide  the  time  period  of 
one  cycle  into  six  equal  intervals, 
and  measure  the  instantaneous  val¬ 
ues  of  the  complex  wave  at  these 
times,  tabulating  as  follows : 

Points  Pi  Pt  Pi  Y*  Yt 

Values  2  4  i  -1  -2  • 

Substituting  these  values  in  the  six- 
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point  formulas  in  Table  I,  we  obtain 

St  -  (1/6)  (2  +  4  +  1-1-2  +  1)- 
I  0.833 

!  r  =  (1/6)(2-4  +  1-2)  + 

(1/3)  (-1  +  1)-  -0  5 
ai  -(V3/6)(2  +  4  +  l  +  2)  -2.6 
ft  -  (1/6)  (-  2  -  4  +  1  +  2)  + 

(1/3)  (1  +  1)  -  0.167 
«,  =  ( V3/6)  (2  -  4  -  1  +  2)  -  -  0.289 
ft  =  (1/6)(-2  +  4-1- 1+2  +  1)  - 
0.5 

The  results  of  the  analysis  are 

D-c  component  =  Eo  ^  0.833  volt 
Fundamental  shs  component  (10  cydee)  — 
2.6  —  j  0.5  —  2.65  volts  (peaJc) 

Second  harmonic  a-c  component 
(20  cydes)  -  -  0.289  +  j  0.167  - 
0.333  volt  (peak) 

Third  harmonic  a-c  component  (30  cycles) 
=  —  0.5  volt  (peak) 

Exompl*  2 

As  a  further  illustration  of  the 
method,  let  us  apply  the  twelve- 
point  analysis  to  the  output  wave¬ 
form  of  a  60-cycle  half-wave  recti¬ 
fier  output  having  a  peak  value  of 
100  volts.  The  graph  of  this  wave 
form  is  shown  in  Fig.  4. 

Note  that  the  period  of  a  com¬ 
plete  cycle  of  this  particular  wave 
extends  along  the  time  base  from 
(  =  0  to  t  =  1/60  sec.  Divide  this 
time  of  one  complete  cycle  into 
twelve  equal  intervals  (1/720  sec), 
measure  the  instantaneous  values 
of  the  wave  at  these  times,  and  tab¬ 
ulate  as  follows  (in  this  case  the 
values  may  be  calculated  inasmuch 
as  the  wave  is  exactly  half  a  sine 
wave  whose  equation  is  known) 

PainW  Yi  Y*  Y»  Yi  Yt  YrYn 

VtluM  50  86.0  100  86.6  60  0 

Substituting  these  values  into 
the.  twelve-point  formulas  of  Table 
I  gives 

ft  -  (1/12)  (50  +  86.6  +  100  + 

86.6  +  50)  -  31.1 
ft  -  (V3/12)  (50  -  50)  + 

(1/12)  X  (86.6  -  86.6)  =  0 


ei  -  (1/12)  (50  +  50)  + 

(V3/12)  X  (86.6  +  86.6)  + 

(1/6)  (100)  =  50.0 

Et  -  (1/12)  (50  -  86.6  -  86.6  +  50)  + 
(1/6)  (-  100)  -  -  22.8 
et  =  (V3/12)  (50  +  86.6- 

86.6  -  50)  =  0 

E,  -  (1/6)  (-  86.6  +  86.6)  -  0 
e,  =.  (1/6)  (50  -  100  +  50)  -  0 
Et  -  (1/12)  (-  50  -  86.6  -  86.6  -  50)+ 
(1/6)  (100)  =  -  6.09 
et  =  (V3/12)  (50  -86.6  + 

86.6  -  50)  =  0 

Et  =  (V3/12)  (-  50  +  50)  +(1/12)  X 
(86.6  -  86.6)  =  0 

ci  =  (1/12)  (50  +  50)  +  (V3/12)  X 
(-86.6  -  86.6)  +  (1/6)  (100)  -  0 
Et  =  (1/12)  (-50  +  86.6  -  100  + 

86  6  -  50)  =  -  2.23 

As  in  the  previous  example,  these 
results  simplify  to 

D-c  component  =  —  31.1  volts 

Fundamental  a-c  component  —  50.0  volts 
(60  cycles) 

Se^nd  harmonic  component  =  22.8  volts 
Third  harmonic  component  —  0 
Fourth  harmonic  component  —  6.1  volts 
Fifth  harmonic  component  —  0 
Sixth  harmonic  component  —  2.23  volts 

The  Fourier  analysis  for  this 
same  wave  shows  the  respective 
values  of  the  components  to  be  31.8, 
50.0,  21.2,  4.24  and  1.82  volts.  A 
comparison  with  the  values  ob¬ 
tained  with  the  graphical  method 
above  shows  good  correlation.  It 
should  be  noted  here  that  the  Four¬ 
ier  analysis  can  only  be  applied 
when  the  equation  of  the  wave  is 
known  or  can  be  pieced  together, 
while  the  graphical  method  may  be 
applied  in  all  cases. 

The  following  rules  and  sugges¬ 
tions  will  prove  of  value  in  apply¬ 
ing  the  graphical  analysis. 

1.  Be  certain  to  take  a  full  cycle 
of  the  complex  wave  to  apply  the 
analysis.  The  choice  of  the  starting 
and  end  points  is  not  important  so 
long  as  they  cover  the  interval  of 
an  entire  cycle. 


2.  All  values  of  a-c  components 
in  the  analysis  are  peak  values. 

3.  In  certain  cases,  where  a  sort 
of  symmetry  exists  in  the  wave,  the 
d-c  and/or  certain  of  the  a-c  com¬ 
ponents  may  be  zero. 

4.  Frequently,  we  are  not  inter¬ 
ested  in  absolute  values  of  the  com¬ 
ponents,  but  relative  ones  with  re¬ 
spect  to  the  complex  wave.  In  these 
cases,  any  arbitrary  scale  of  values 
may  be  assigned  to  the  complex 
wave  and  the  values  of  the  compo¬ 
nents  expressed  as  percentages. 

5.  The  values  of  the  components 
of  a  given  wave  obtained  by  the  6, 

8  or  12-point  method  may  differ 
somewhat,  becoming  more  accurate 
as  a  greater  number  of  points  are 
taken.  In  a  sense,  we  may  look  on 
the  Fourier  analysis  as  one  taking 
an  infinite  number  of  points. 

6.  Should  the  phase  angle  of  any 
of  the  a-c  components  be  desired,  it 
will  be  given  as  arctan  e/E.  Fur¬ 
ther,  it  should  be  noted  that  one 
cycle  of  the  complex  wave  repre¬ 
sents  360®  at  the  fundamental  fre¬ 
quency,  720®  at  the  second  har¬ 
monic,  etc. 

7.  The  usual  care  in  the  observa¬ 
tion  of  algebraic  signs  should  be 
taken  when  measuring  the  Y  values 
and  substituting  them  into  the  for¬ 
mulas. 
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flO.  3— Complex  wore  analysed  in  Example  1  by  means  oi 
the  six-point  schedule  in  Table  I 


FIG.  4 — Output  wore  form  of  half-ware  rectifier,  analyzed  in 
Example  2  by  means  of  the  twelre-point  schedule 
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Reactor  Measurements 


Current  feedback  creates  high-impedance  source  from  which  resonant  circuit  containing 
saturable  core  inductor  can  he  fed  both  a-c  and  d-c  for  measurement  of  inductor’s  elec¬ 
trical  parameters.  Circuit  provides  coupling  for  test  oscillator  and  vacuum-tube  voltmeter 


An  inductance  used  in  a 
vacuum-tube  circuit  is  often 
required  to  carry  a  direct  current. 
If  the  magnetic  circuit  includes 
iron,  permalloy,  or  any  of  the  other 
saturable  core  materials,  the  pres¬ 
ence  of  the  direct  current  may  pro¬ 
foundly  modify  the  L  and  Q  of  the 
coil  to  the  superimposed  a-c  signal. 
These  properties  are  also  functions 
of  signal  level  and  frequency,  and 
are  adequately  described  only  when 
their  dependence  on  all  three  of 
these  variables  has  been  investi¬ 
gated. 

PostibU  Mcasuraintiit  Methods 

Measurement  of  the  properties 
of  the  inductance  under  such  con¬ 
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ditions  can  sometimes  be  made  by 
paralleling  the  coil  with  a  capacitor, 
feeding  the  direct  current  and  the 
a-c  signal  to  the  parallel  circuit 
through  a  series  resistor,  and  in¬ 
vestigating  the  shape  of  the  parallel 
impedance  curve  as  a  function  of 
either  frequency  or  parallel  capaci¬ 
tance.  However,  if  the  shape  of 
the  curve  is  not  to  be  seriously 
affected  by  the  driving  circuit,  the 
resistance  must  be  large  compared 
to  the  parallel  circuit  impedance  at 
resonance;  and  if  the  L  and  Q  of 
the  coil  are  even  moderately  high 
by  present  standards,  the  voltage 
and  power  consumed  by  the  series 
resistor  may  be  prohibitive. 

A  method  applicable  in  some 


cases  is  to  supply  the  signal  and 
saturating  current  through  the 
plate  of  a  pentode,  but  even  the 
relatively  high  pentode  plate  im¬ 
pedance  is  often  inadequate  for  the 
purpose.  A  simple  triode  may  be 
given  a  high  apparent  output  im¬ 
pedance  by  inserting  an  unby¬ 
passed  resistor  in  its  cathode  cir¬ 
cuit,  but  the  usefulness  of  this 
method  is  similarly  limited. 

F*«dbaek  Circaif 

A  vacuum  tube  circuit  which  is 
well  suited  for  nearly  all  measure¬ 
ments  of  this  type  in  the  frequency 
range  20 — 100,000  cps  is  shown  in 
Fig.  1.  This  circuit  provides  a 
direct  coil  current  which  is  contin- 


FIG.  1 — Circuit  for  supplying  a-c  and  d-c  to  reactors  for  meosurement  of  their  charocterifUcs 
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MIXER  AND 
FEEDBACK 
AMPLIFIER 
V,  AND  Vj 


OUTPUT 

STAGE 


Test  sat  tor  reactor  measurements  consists 
of  on  oscillator  injector,  a  high-impedance 
output  stage,  and  a  TtTm  buffer 


eXTCftHM., 
VTVM  < 


BUFFER 


Vj,  which  is  coupled  directly  to,  and 
driven  by,  the  cathode  of  Vi.  This 
system  reduces  the  gain  of  V,  by 
a  factor  of  two,  but  is  superior  to 
other  possible  methods  from  the 
standpoints  of  simplicity  and  sta¬ 
bility.  To  the  extent  that  the  gain 
between  the  grid  of  V,  and  the 
cathode  of  Vs  is  large,  the  voltage 
across  R,  is  constrained  to  follow 
the  oscillator  voltage,  and  V*  acts 
as  a  constant-current  source,  giv¬ 
ing  a  signal  current  t.  =  e„,c/i2e 
approximately. 

The  effect  of  the  impedance  of 
the  parallel  circuit  under  test  is  to 
diminish  this  gain,  and  hence  to 
reduce  t.;  which  is  simply  another 
way  of  stating  that  the  output  of 
V,  may  be  taken  as  a  constant  cur¬ 
rent  source  only  when  R,  is  large 
compared  to  the  impedance  of  the 
circuit  under  test.  In  any  case,  the 
equivalent  circuit  of  Fig.  2(A)  ap¬ 
plies.  The  above  expression  for  t, 
is  not  entirely  accurate,  since  Co.e 
suffers  a  slight  loss  between  the 
grid  of  Vi  and  the  cathode  of  V*. 
Values  of  i,  which  take  this  loss 
into  account  are  listed  in  Table  I. 
They  were  checked  experimentally 


uously  adjustable  from  0.3  ma  to 
50  ma,  with  an  a-c  output  im¬ 
pedance  between  2.6  megohms  and 
90  megohms,  depending  on  the 
selected  current  range.  High  a-c 
output  impedance  is  achieved  by 
application  of  a  large  amount  of 
current  feedback,  with  dissipation 
of  only  a  small  fraction  of  the 
power  and  voltage  that  would  be 
required  to  obtain  similar  results 
by  any  of  the  means  mentioned 
above. 

The  output  stage  V„  through 
which  both  saturating  current  and 
test  signal  are  applied  to  the  in¬ 
ductance,  is  a  triode-connected 
6V6-GT.  The  direct  current  is  con¬ 
trolled  by  a  range  selector  switch, 
which  inserts  various  fixed  resistors 
in  series  with  the  cathode,  and  a 
potentiometer,  which  permits  the 
d-c  voltage  between  the  grid  and 
B-  to  be  varied  continuously  from 
0  to  150  volts.  A  milliammeter  is 
provided  in  the  cathode  circuit  of 
V,  to  indicate  the  direct  current. 

If  a  signal  were  applied  directly 
to  the  grid  of  the  output  stage,  the 
apparent  output  impedance  R, 
would  be  the  sum  of  plate  resist¬ 
ance  r,  and  the  a-c  cathode  circuit 
resistance  R^,  plus  a  current  feed¬ 
back  component  equal  to  ixR,,  the 
latter  being  by  far  the  largest  part 
of  the  total.  In  this  circuit,  how¬ 
ever,  and  signal  developed  across 
is  amplified  by  the  gain  N  of 
Vf  and  applied  in  opposite  phase 
to  the  grid  of  the  output  tube.  This 
effectively  increases  the  current 
feedback  component  of  the  output 
impedance  by  a  factor  (N— 1). 
Thus  the  output  impedance  R,  = 
^  +  iJ.  -f  -  1)R,  =  iiNRc 
approximately. 

iBieetioB  and  Buffer  Stages 

The  test  signal  is  injected  into 
the  circuit  through  the  cathode  of 


and  found  to  be  within  five  percent 
of  the  measured  values.  They  are 
of  occasional  use  for  direct  calcu¬ 
lation  of  resonant  circuit  im¬ 
pedances. 

It  may  be  pointed  out  that  a 
double  triode  might  be  substituted 
for  Vi  and  V,  with  appropriate  cir¬ 
cuit  redesign  but  only  at  a  sacrifice 
in  output  impedance  or  high-fre¬ 
quency  response,  or  both. 

The  buffer  stage  is  simply  a  cath¬ 
ode  follower  which  prevents  the  in¬ 
put  impedance  of  the  external  vac¬ 
uum-tube  voltmeter  or  oscilloscope 
used  in  tracing  the  parallel-circuit 
impedance  curve  from  loading  the 
parallel  circuit,  and  hence  affect¬ 
ing  the  results  of  the  measurement. 
The  total  stray  capacitance  from 
the  plate  of  V*  to  ground  is  limited 
to  about  15  /i/uf  by  this  means,  and 
the  added  shunt  resistance  is  about 
500  megohms. 

The  grounding  of  B-f-  rather 
than  B—  provides  some  protection 
against  shock  while  manipulating 
the  coil  under  test.  As  an  addi¬ 
tional  safeguard,  a  switch  is  pro¬ 
vided  which  breaks  B— ,  and  also 
operates  a  pilot  light  to  indicate  its 
position  at  all  times.  Whenever  the 
d-c  coil  circuit  is  to  be  broken,  this 
switch  is  first  operated  to  protect 
the  operator  from  the  negative  sup¬ 
ply  voltage. 


Method  of  Measereneat 

Characteristics  of  the  inductance 
are  most  conveniently  determined 
by  studying  the  impedance  curve 
of  the  inductance  under  test  in 
parallel  with  a  known  capacitance, 
either  as  a  function  of  variable 
frequency  or  of  variable  capaci¬ 
tance  as  indicated  in  Fig.  2(B). 
Inductance  is  readily  calculated 
from  L  =  l/iZ-nfrYCr- 
The  value  of  Q  may  be  evaluated 
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FIG.  2 — (A)  Equirolont  drcvit  of  driror 
and  tost  circuit,  and  (B)  tho  significant 
dimonsions  of  tho  rotononco  curros 
from  which  inductance,  reeistonce  and 
quality  of  the  inductor  con  be  computed 
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FIG.  3 — ^Variation  of  inductor  parome- 
ton  with  d-c  magnetization  can  be 
readily  measured 


from  the  width  of  the  im¬ 
pedance  curve  between  the  points 
of  70.7  percent  of  the  peak  im¬ 
pedance.  For  frequency  detuning, 
Qsf  =  /r/A/;  for  capacitance  de¬ 
tuning,  Qa.  =  2C,/AC. 

The  resonant  impedance  r  of  the 
parallel  circuit  can  be  calculated  di¬ 
rectly  from  e,/i,  evaluated  at  reso¬ 
nance,  where  e,  is  measured  by  the 
external  vtvm,  and  i,  is  found  from 
Bo,,  and  the  value  of  t./Coie  given  in 
Table  I. 

The  error  which  can  result  from 
the  shunting  effect  of  R,  on  the 
parallel  circuit  is  readily  evaluated 
as  follows.  The  value  of  Q  for  the 
parallel  circuit  is  defined  as  Qr  = 
r/X  where  X  =  27t/,L  =  l/(2ii/r)C. 
The  value  actually  measured  by 
either  of  the  above  procedures  is 
Q  =  [rRJ{r  +  R,)'\/X.  Combining 
these  two  equations  gives  Q,  = 
Q/0.  —  QX/R,).  Normally,  this 
circuit  provides  a  value  of  R, 
sufficiently  high  as  compared  with 
the  parallel  circuit  resonant  im¬ 
pedance  QX  to  make  the  correction 
negligible. 

The  above  discussion  assumes 
that  the  losses  in  the  capacitor  are 
small  compared  to  those  in  the  coil, 
and  care  must  be  taken  to  insure 
that  this  is  the  case;  that  is,  the 
capacitance  power  factor  must  be 
small  as  compared  to  1/Q. 
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FIG.  4 — Iron-cored  inductor  characteris¬ 
tics  vary  greatly  with  frequency  the 
Q  having  a  maximum 


Examples  of  data  obtainable 
from  the  circuit  and  calculations 
outlined  above  are  presented 
graphically  in  Fig.  3,  4,  and  5.  The 
independent  variables  for  these 
curves  are  respectively  the  direct 
coil  current  It-t,  the  resonance  fre¬ 
quency  fr  of  the  parallel  circuit. 


FIG.  5 — Alternating  signal  omplituds, 
as  well  as  frequency  and  dc  affect 
reactor  parameters 


and  the  rms  signal  voltage  e,  de¬ 
veloped  across  the  coil.  The  test 
specimen  for  these  curves  was  an 
audio-frequency  choke  having  a 
core  of  closely  interleaved  lamina¬ 
tions  of  a  high-permeability  nickel- 
iron  alloy. 

The  saturating  effect  of  a  direct 
coil  current  is  shown  by  Fig.  3  to  be 
roughly  equivalent  to  the  introduc¬ 
tion  of  an  air-gap  in  the  magnetic 
circuit.  As  the  direct  current  in¬ 
creases,  the  value  of  the  inductance 
decreases.  Increasing  saturation 
also  reduces  the  core  losses,  in  this 
case  at  such  a  rate  relative  to  the 
drop  in  inductance  that  the  value  of 
Q  has  a  peak  in  the  region  of  /a.,  = 
3  ma.  The  resonant  circuit  imped¬ 
ance  also  has  a  peak  value,  but  at 
a  lower  value  of  direct  current. 

The  curves  representing  Q  in 
Fig.  3  are  derived  from  the  rela¬ 
tions  Qr  =  r/2TtfrL,  and  Q^f  = 
/r/A/.  That  slight  discrepancies 
exist  between  corresponding  points 
on  the  two  curves  is  not  surprising 
because  the  equivalent  circuit  of 
Fig.  2(A)  is  only  a  simplifying  ap¬ 
proximation,  even  though  it  yields 
results  which  are  sufficiently  ac¬ 
curate  for  most  purposes.  More¬ 
over,  both  r  and  L  are  variable  with 
changes  in  frequency  and  in  signal 


TABLE  1  — 

Relative  values  of  taking 

1  into  account  test  circuit  losses  | 

D-C  range 

R,  in 

'./eo.c 

in  ma 

megohms 

in  ma/v 

1 

90 

0.010 

2 

50 

0.017 

5 

23 

0.038 

10 

12 

0.075 

20 

6 

0.14 

50 

2.5 

0.35 

level;  and  the  frequency-increment 
measurement  of  Q,  which  involves 
changes  of  both  kinds,  cannot  be 
expected  to  agree  exactly  with  the 
definitive  relation  Q  =  r/2it/rL. 
Sharpness  of  the  resonance  curve 
with  respect  to  frequency  is  usually 
of  primary  interest,  however,  and 
the  results  of  the  frequency-incre¬ 
ment  determination  therefore  pro¬ 
vide  the  best  description  of  per¬ 
formance. 

The  value  of  Q  also  has  a  maxi¬ 
mum  with  respect  to  frequency,  as 
shown  in  Fig.  4.  At  low  frequen¬ 
cies,  losses  are  relatively  large  be¬ 
cause  of  the  flow  of  a  , heavy  mag¬ 
netizing  current  through  the  coil 
resistance;  at  high  frequencies,  the 
losses  again  become  large  because 
of  the  rapid  increase  of  core  losses. 
The  gradual  reduction  in  L 
throughout  the  represented  range 
of  frequencies  is  attributable  to  an 
effective  reduction  in  the  cross-sec¬ 
tional  area  of  the  core  by  the  eddy 
currents.  The  resonance  impedance 
r  rises  throughout  this  frequency 
range,  but  might  be  expected  to 
drop  at  frequencies  for  which  the 
charging  currents  required  by  the 
distributed  coil  capacitance  again 
causes  the  copper  loss  to  predom¬ 
inate. 

The  increase  in  inductance  with 
signal  level  shown  in  Fig.  6,  which 
is  typical  of  ferromagnetic  core 
materials,  results  from  the  initial 
upward  curvature  of  the  B-H  char¬ 
acteristic.  The  application  of  a 
sufficiently  high  signal  voltage  to 
work  the  core  above  the  saturation 
knee  of  the  magnetization  curve 
will,  of  course,  reverse  this  trend 
and  cause  the  inductance  to  drop 
sharply. 
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Sockets  are  our  business  and  Cinch  development, 
engineering,  quality  and  quantity  production  have 
made  our  tube  socket  leadership  an  important  part  of 
the  radio  industry.  An  additional  reason  is  because  we 
give  your  socket  problems  our  close  personal  attention 
backed  by  years  of  experience.  For  example,  we 
illustrate  complete  engineering  data  on  the  Cinch 
Octal  Chassis  Clinch  Socket.  Samples,  tools  and  a  visit 
by  our  field  engineers  are  at  your  service  on  request. 


MANUFACTURING 
WIIV  CORPORATION 


.  ^  2335  W.  Van  Buren  Street,  Chicago  12,  Illinois 

Svbtidiary  of  Unitad-Carr  Fastener  Corp.,  Cambridge,  Matt. 
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Transmission  Lines  as 
TUNING  ELEMENTS 


Graph  for  designing  tuning  element  consisting  of  a  section  of  transmission  line  shunted 
by  a  capacitor.  Values  of  one  or  two  unknown  circuit  parameters  may  be  found  when 

values  of  two  or  three  others  are  known 


Segments  of  transmission  lines 
used  as  circuit  elements  in 
present  day  high  frequency  work 
have  made  desirable  a  simple,  rapid 
method  for  solving  the  equation 
1/«C  -  Zo  tan  2irl/\,  I  5  X  /4  (1) 

The  equation  gives  the  wave  length 
X  of  the  resonant  frequency  a)/2ic  of 
a  parallel  combination  of  a  capaci¬ 
tance  C  and  a  short  circuited  length 
I  of  transmission  line  of  character¬ 
istic  impedance  Z»,  shown  in  Fig.  1. 

The  graph  on  the  next  page  shows 
two  sets  of  contours,  the  plots  of 
which  are  superimposed  upon  each 
other  in  such  a  manner  as  to  afford 
a  convenient  means  for  solving  Eq. 
1  graphically.  The  discussion  be¬ 
low  contains  a  brief  outline  of  the 
construction  of  the  graph,  followed 
by  its  application  to  the  solution 
of  two  typical  problems. 


CoBstraetloa  of  the  Graph 

Rewrite  Eq.  1,  by  using  the  rela¬ 
tions  (i>  =  27t/  and  X  =  Vo//»  where 
/  is  frequency  in  cycles  per  second, 
and  Vo  =  3  X  10"  meters  per  second, 
the  propagation  constant. 

1/ZoC  =  2t/  tan  (2jrfl/vo)  '  (2) 

Equation  2  may  be  applied  to  the 
circuit  of  Fig.  1  by  expressing  Z.  in 
ohms,  C  in  farads,  f  in  cycles  per 
second,  and  I  in  meters. 

But  if  Zo  is  in  ohms,  C  in  fifd,  f 
in  me,  and  I  in  cm,  Eq.  2  becomes 


Z,  X  10-“C 
10* 
ZoCi 


2rl0*/tan 
■  2r/ 


3  X  10* 
2tSI 


10*  3  X  10« 


(3) 


By  H.  E.  NEWELL,  JR. 

Naval  Research  Laboratory 
Washington,  D.  C. 


FIG.  1 — Short-circuitod  tronamisiion  line 
of  length  I,  omd  characteristic  impe¬ 
dance  Z,  tuned  by  shimt  capacitance 


FIG.  2 — Graphical  solution  for  Eq.  1. 
where  two  quantities  ore  unknown 


or 

F,(Zo,0  -  Fid,/) 

where 

Fi  d,/)  =  (2x//10»)  tan  (2t/I/3  X  10*) 
and 

Ft  {Zo,  O  =  10»/Z,  C 
On  logarithmic  graph  paper,  plot 
Ft  (I,  /)  against  I  for  the  various 
values  of  /.  Upon  these  contours 


superimpose  those  of  Fa  (Zo,  C) 
plotted  versus  C  with  Zo  as  a  para¬ 
meter,  so  that  the  F,  and  Fa  scales 
coincide.  The  C  and  /  scales  coin¬ 
cide  as  do  the  F,  and  F*  scales.  This, 
however,  is  not  necessary,  and  in 
this  case  is  due  merely  to  the  choice 
of  range  for  the  values  of  C.  It  is 
essential  that  the  F,  and  Fa  scales 
be  identical. 

Use  of  the  Chart 

The  construction  of  the  chart 
makes  evident  the  general  princi¬ 
ples  involved  in  its  use.  A  solution 
is  obtained  for  Eq.  3,  by  making 
Ft  (I,  f)  =  Fa  (Zo,  C).  Suppose  that 
a  10  cm  line  of  50  ohms  characteris¬ 
tic  impedance  is  to  be  tuned  to 
resonance  at  400  me  by  shunting  a 
lumped  capacitance  C  across  the  in¬ 
put  and  short  circuiting  the  other 
end. 

To  find  C,  the  solution  is  as  fol¬ 
lows:  from  the  10  cm  point  on  the 
I  scale  of  the  graph  move  vertically 
to  the  Ft{l,  f)  contour  marked  400 
me.  Then  move  horizontally  to  the 
Fa{Zo,C)  contour  labelled  60  ohms. 
From  this  point  move  vertically 
again  to  the  C  scale  and  read  off 
the  capacitance,  7.3  ft/if. 

If  any  three  of  the  quantities  I, 
Zo,  C,  f  in  Eq.  3  be  given,  the  fourth 
is  obtanied  by  a  procedure  similar 
to  that  used  above.  If  two  of  quan¬ 
tities  be  given,  the  remaining  two 
can  assume  infinitely  many  pairs  of 
values  satisfying  Eq.  3. 

Consider  now  the  problem  of  » 
shorted  open  wire  line  to  be  used  as 
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for  Contacts  and  Contact  Assemblies 


11.  S.  Pat.  Off,  far  tlectric  contacting  rUmentt. 


For  electrical  contacts  and  contact  assemblies 
. . .  from  large  assemblies  surfaced  with  Elkonite* 
for  circuit  breakers  and  heavy  duty  controls,  to 
tiny  fine  silver,  platinum  or  Elkonium*  contacts 
for  small  relays  or  thermostats  .  . .  Mallory  has 
become  the  recognized  headquarters. 

Mallory  provides  the  widest  range  of  mate¬ 
rials  for  contacts  and  supporting  members. 
Mallory  engineers  have  created  more  than  5000 
designs  for  contact  assemblies  and  contacts. 
Mallory  manufacturing  facilities  are  tbe  most 
complete  in  the  industry,  supplying  contact 
assemblies,  individual  contacts,  or  efficient 
attachment  of  contacts  to  studs,  arms,  springs  or 
brackets  furnished  by  the  customer. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 

I 


Consult  Mallory  while  your  electrical  or  elec¬ 
tronic  equipment  designs  are  being  blueprinted. 
Often  you  can  save  engineering  time  and  pro¬ 
duction  costs  by  obtaining  a  complete  contact 
assembly.  Write  today  for  your  copy  of  the 
Mallory  contact  catalog.  The  New  Mallory  Contact 


Data  Book  will  be  sent  gratis  to  engineers  when 
requested  on  company  letterhead.  Available  to 
students,  libraries  and  schools  at  $2.50  per 
copy,  postage  paid. 


Some  Contact  Applications 

Mallory  Tungaten  Contacta 
and  Contact  AaaembUea  for: 

Mallory  Silver f  Elkonium  and 
Platinum  Contacta  and 

Mallory  Elkonite  Contacta  1 

and  Contact  AaaembUea  for: 

Automotive  Ignition 

Voltage  Regulators 

Vibrators 

Business  Machines 

Aviation  &  Marine  Magnetos 
Aircraft  Equipment 

1  Diesel  Starting  Equipment 
Electric  Fence  Chargers 

Electric  Clocks 

Electric  Shavers 

AaaembUea  for: 

Industrial  Relays 

Domestic  Appliances 

Low  Voltage  Relays 

Telephone  Jacks  &  Relays 
Thermostat  Equipment 

Low  Voltage  Meters  and  Gauges 
Voltage  Regulators 

Automotive  Light  Switches 

Motor  Starting  Relays 

Oil  Circuit  Breakers 

Air  Circuit  Breakers 

Industrial  Controls 

Heavy  Duty  Relays 

Starting  Switches 

Voltage  Tap  Changers 

Aircraft  Relays 

Heavy  Arcing  Equipment 

a  circuit  element  in  a  high  fre-  other  of  solutions  of  Eq.  4b,  alone,  lem,  the  contours  of  the  graph  may 

quency  amplifier.  A  variable  ca-  I  Z*  Z#  be  used  over  the  entire  ranges  of  / 

pacitance,  ranging  from  5  iiid  to  in  cm  in  ohms  in  ohms  and  Z,  for  the  solution  of  Eq.  3,  bat 
10  /i/if,  is  shunted  across  the  open  from  Eq.  4a  from  Eq.  4b  the  application  of  such  solutions  to 

end  of  the  line  and  used  for  tuning.  10  325  360  actual  physical  circuits  is  of  doubt* 

If  the  frequency  range  to  be  tuned  15  207  220  ful  validity  in  the  upper  ranges  of 

is  from  150  me  to  200  me,  what  20  147  143  frequency  and  impedance.  At  high 

should  the  physical  length  and  char-  25  108  94  frequencies  a  shorting  bar  on  s 

acteristic  impedance  of  the  line  be?  Draw  the  curves  corresponding  very  high  impedance  line  of  less 
Mathematically  this  problem  is  to  both  tables  on  the  same  graph,  than  a  quarter  wave  length  must 
that  of  solving  simultaneously  two  using  identical  scales  for  both  as  in  itself  form  a  considerable  part  of 
equations  in  two  unknowns  Fig.  2.  The  intersection  of  the  two  the  line.  Moreover,  the  assumption 

Fx  (1, 160  me)  -  F%  (Zo,  10  nnt.)  (4a)  curves  gives  the  solution ;  in  the  that  the  total  capacitance  involved 

Fi  {I,  200  me)  =  Ft  (Zo,  6  itfd.)  (4b)  present  case :  Zo  =  164  ohms,  I  =  can  be  lumped  into  a  single  element 

Using  the  graph,  make  a  table  of  18.4  cm.  is  undoubtedly  invalid  under  these 

solutions  of  Eq.  4a,  alone,  and  an-  As  a  purely  mathematical  prob-  conditions. 


Graphical  solution  of  Eq.  1  for  obtaining  the  value  of  one  quantity  when  values  of  three  ore  known  or  values  of  two 

quontities  when  the  other  two  ore  known 
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CT.C.  /4U-SeC  TERMINAL  BOARDS 


CAMBRIDGE  THERMIONIC  CORPORATION 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASSACHUSETTS 


No  more  time-wasting  board  cutting,  drilling  and  lug 
mounting  when  you  have  C.T.C.  All-Set  Terminal  Boards 
on  hand.  They’re  furnished  completely  assembled  with 
any  size  C.T.C.  Turret  Terminal  Lug  in  four  widths, 
2”  ilug  row  spacing  1}/^");  2}/2"  {lug  row  spacing 
2");  3”  {lug  row  spacing  to  fit  all  standard  resistors 

and  condensers.  Select  proper  width  board  and  go  to 
work. 

C.T.C.  All-Set  Terminal  Boards  are  made  of  3/32", 
1/8"  and  3/16"  linen  bakelite  only  and  come  in  five- 
section  boards  which  can  be  broken  into  fifths  by  bend¬ 
ing  on  a  scribed  line.  They  may  be  ordered  in  sets  of  the 
four  widths,  or  in  lots  of  six  or  multiples  of  six  in  any 
single  width.  Extra  lugs  and  stand-o£fs  are  supplied. 

For  complete  information  on  these  new,  money-saving  All- 
Set  Terminal  Boards,  write  for  C.T.C.  Catalog  Number  100. 
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Radar  Norigator  for  Commercial  Shipping .  154 

Balanding  Operation  Speeded  by  Motor  Control .  154 

Precision  Gaging  by  Blind  Workers. . .  156 

Meosxiring  Temperature  of  Molten  Steel .  164 

A  Phototube  Amplifier .  168 

Timing  Action  of  the  Blocking  Oscillator .  184 

Improved  Socket-Punch  Wrenches .  204 

New  Photocell  for  Ultraviolet .  212 


Radar  Navigator  for  Commercial  Shipping 


First  reported  sale  of  radar  equip¬ 
ment  for  peacetime  industry  has 
been  made  by  General  Electric  Com¬ 
pany  who  will  supply  five  radar 
units  ordered  by  the  U.  S.  Maritime 
Commission  for  installation  in  mer¬ 
chants  ships  now  being  built.  For 
navigation  through  fog  and  dark¬ 
ness,  it  enables  the  navigator  to 


locate  shore  lines,  land  masses, 
other  ships,  buoys  and  other  ob¬ 
stacles  from  200  yards  away  up  to 
30  miles  distant. 

One  installation  of  the  electronic 
navigator  has  been  operating  on  the 
U.  S.  Maritime  Service  trainingl 
ship  American  Mariner  and  used 
in  navigating  the  waters  of  Long 
Island  Sound.  A  few  minutes  of  in¬ 
struction  have  been  found  sufficient 
for  beginners  to  grasp  the  funda¬ 
mentals  of  operation  and  with  a  few 
hours  of  practice  they  learn  safe 
recognition  of  various  types  of  ob¬ 
jects  as  well  as  their  bearing  with 


respect  to  the  course  and  position 
of  the  ship. 

A  control  console  in  the  wheel- 
house  contains  a  cathode-ray  tube 
indicator  of  the  PPI  type.  Con¬ 
centric  rings  indicate  the  range 
with  the  ship’s  position  being  in 
the  center  of  the  scope.  A  range 
switch  permits  changing  the  scale 


View  of  the  rador  screen,  showing 
other  ships,  islands,  and  other  ob- 
stocles  to  norigotion 


of  the  field  to  cover  a  2,6,  or  30- 
mile  radius.  This  permits  the  navi¬ 
gator  to  use  the  30-mile  range  until 
the  ship  approaches  to  within  six 
miles  of  the  obstacle,  then  switch¬ 
ing  to  the  chart  whose  radius  is  six 
miles.  Further  localizing  can  be 
made  with  the  2-mile  range  and  ob¬ 
jects  can  be  observed  down  to  about 
200  yards  on  this  scale.  High  shore 
lines  are  discernible  at  30  miles  dis¬ 
tance,  low  shore  lines  at  10  to  15 
miles,  ships  at  3  to  8  miles,  and 
buoys  at  1  to  3  miles. 

A  parabolic  antenna  is  located  on 
the  top  deck  of  the  ship  to  transmit 
and  receive  the  radar  pulses.  This 
rotates  at  a  speed  of  110  rpm  and 
weighs  250  pounds.  As  in  military 
radar,  reflected  waves  from  ob¬ 
stacles  in  the  surrounding  waters 
return  to  the  rotating  antenna  dur¬ 
ing  the  time  intervals  between  the 
outgoing  pulses. 

Balancing  Operation 
Speeded  by  Motor  Control 

Reduction  of  time  in  balancing 
submarine  electric  motor  arma¬ 
tures  from  twenty  man-hours  to 
five  man-hours  is  accomplished  by 
use  of  General  Electric  Thy-mo-trol 
in  controlling  the  speed  of  a  bal¬ 
ancing  machine  at  Mare  Island, 
Cal. 

The  illustration  on  the  next  page 
shows  the  control  cabinet  which 
contains  two  electronic  rectifiers 
that  supply  voltage  to  the  field  and 
armature  of  the  balancing  machine 
drive  motor.  The  control  tubes  in 
the  cabinet  regulate  the  output  of 
thyratrons  and  permit  throttling 
down  to  almost  zero  speed  or  smooth 
adjustment  up  to  maximum  speed. 

Preselection  of  speeds  is  made  by 
means  of  a  potentiometer  which  is 
manually  set.  Through  electronic 
circuits,  it  causes  the  thsrratron 
tubes  to  increase  or  decrease  their 
voltage  output  to  the  drive  motor 
armature  or  field. 

The  cycle  time  is  that  elapsed 
from  the  time  the  stop  button  i* 
pushed,  weights  adjusted,  and  the 
motor  started  again  to  the  point 
where  critical  speed  is  attained. 
The  Thy-mo-trol  cycle  is  only  thirty- 
seven  seconds,  compared  to  the  two 
to  fouf  minutes  required  for  a  free¬ 
wheeling  stop. 

Such  electronic  control  equip¬ 
ment  is  today  practically  a  packs*® 


Ib  tha  whMlbouM  of  the  American  Mariner,  Captain  loseph  Masse  studies  the  screen 
of  the  cothode-roy  tube  in  the  General  Electric  radar  norigator  for  commercial 
shipping.  On  the  Great  Lakes  alone,  more  than  4.000.000  gross  tons  of  cargo  space 
were  lost  in  1943  becouse  of  the  hazards  of  norigotion  through  fog 
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With  a  war  record  of  more  than  one  hundred  and  fifty 
million  successful  "missions”  to  their  credit,  IRCs 

BTS  INSULATED  METALLIZED  RESISTORS 

have  given  unquestioned  evidence  of  their  complete 
dependability. 

The  exact  counterparts  of  these  efficient  and  precision- 
engineered  "veterans”  are  now  available  in  quantities- 
for  your  own  essential  requirements. 

Their  construction  features,  resistance-temperature 
characteristics  and  specifications  are  described  fully 
and  charted  graphically  in  Bulletin  #3  which  will  be 
sent  to  you  upon  request  directed  to  Dept.  1  -J .  . ' 
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while  a  lower  tone  is  produced  by 
an  undersize  part.  Either  of  these 
tones  causes  the  operator  to  reject 
the  unit. 

Oscillator  Circuit 

The  three  audio  frequencies  are 
produced  by  the  circuit  shown  in 
Fig.  1.  This  electronic  oscillator 
is  controlled  by  relays  connected 


CompUt*  setup  oi  equipment  ior  boloncinq  submarine  electric  motor  ormatures.  Free 
to  reTolTe  in  the  frame,  the  armature  is  rotated  by  the  drive  motor  on  the  floor. 
Controlled  acceleration  emd  deceleration  is  accomplished  by  a  General  Electric 
Thy-mo-trol  unit  in  the  cabinet  at  the  right 


ELEaRONIC 

GAGE 


unit.  It  includes  the  d-c  motor,  the  other  machinery  applications  such 
control  panel,  control  station  and  as,  lathes,  drill  presses,  millers,  and 
the  transformer.  It  is  easy  to  in-  similar  equipment,  and  in  the  op- 
stall  and  has  been  applied  to  many  eration  of  many  testing'  machines. 


Fig.  1 — Circuit  of  the  audio  oscillertor 
used  by  Timken  to  provide  audibU 
gage  indications  to  blind  workers 


Precision  Gaging  by  Blind  Workers 

Thousands  of  blind  persons  who 
seek  jobs  in  industry  were  given 
new  hope  by  a  recent  demonstra¬ 
tion  of  a  precision  production  gage 
in  the  Canton  factory  of  Timken 
Roller  Bearing  Company.  A  blind 
operator  using  the  instrument 
checked  the  outer  races  of  bear¬ 
ings  in  an  outside  diameter  gage 
at  a  rate  that  compares  favorably 
with  that  of  an  operator  having 
normal  sight.  Indication  of  over¬ 
size,  undersize,  and  normal  read¬ 
ings  are  provided  by  an  a-f  oscil¬ 
lator  that  produces  three  different 
tones  from  a  loudspeaker  mounted 
on  the  back  of  the  workman’s  chair. 

The  diameters  of  the  compo¬ 
nents  of  Timken  bearings  are 
ground  within  very  close  limits  of 
their  specified  sizes  and  checked 
on  precision  gages  with  electrical 
or  mechanical  dial-type  indicators. 

These  show  amplified  readings  of 
variations  in  the  diameter  of  the 
work  piece  under  test. 

For  blind  operators,  the  a-f  oscil¬ 
lator  provides  audible  signals.  An 
article  that  is  within  the  size  limit 
produces  a  tone  of  one  frequency 
and  the  article  is  passed  as  meeting 


The  outside  diameter  of  roller  bearing  cups  are  gaged  by  Sylvester  Pfendler,  Wl®^ 
Timken  employee.  Audible  indication  of  over,  under,  and  normal  sixe  is  provided  bk® 
by  on  a-f  oscillotor  that  feeds  the  loudspeaker.  Manufacturing  details  of  the  device 
wUl  be  released  without  charge  to  ony  interested  manufacturer 
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lO  SWG  22  SWG 

Double  Actual  Size. 


GAUGES 

Ersin  Multicore  Solder  is  made  in  a  wide  range  of  gauges.  Standard 
gauges  supplied  are  from  10  S.W.G.  -  22  S.W.G.  (.128"  -  .028") 
(3.251  -  .7l09m/ms).  13  S.W.G.  (.092".  2.336m/ms)  and  16  S.W.G.  (.064", 
l.625m/ms)  are  the  most  widely  used  sizes  for  the  production  of 
elearonic  equipment. 


ERSIN— THE  ACTIVE  NON-CORROSIVE  FLUX. 

Ersin  which  is  contained  in  the  3  cores  of  Multicore  Solder  is  a  pure  high 
grade  rosin  which  has  been  subjected  to  a  complex  chemical  process  to 
Increase  its  fluxing  action  to  the  highest  possible  degree  without  impairing 
in  any  way  the  well-known  non-corrosive  and  protective  properties  of  the 
original  rosin.  In  effect,  rosin  as  a  flux  suffices  only  as  an  agent  to  avoid 
oxidation  during  soldering,  whereas  Ersin  will  not  only  remove  surface 
oxides,  but  also  prevent  their  formation  during  the  soldering  operation. 


ERSIN 

ACTIVE 

NON-CORROSIVE 

FLUX 


ERSIN  MULTICORE 

MULTICORE  SOLDERS  LTD. 

SUITE  5,  COMMONWEALTH  HOUSE,  NEW  OXFORD  STREET,  LONDON,  W.C.I,  ENGLAND 
Telephone:  CHANCERY  5171/2.  Cables:  DUSTICKON,  WESTCENT.  LONDON. 


U.S.A.  DISTRIBUTORS: 

aNADIAN  DISTRIBUTORS: 

BRITISH  INDUSTRIES  SALES  CORPORATION 

SNI-DOR  RADIOLEaRIC  LTD.,  | 

401  BROADWAY,  NEW  YORK,  N.Y.I3 

455  CRAIG  ST.  WEST.  MONTREAL 

ALLOYS— Table  of 

Melting 

^oints.  1 

j  Tin  Lead 

Multicore 
Colour  Code 

Solidus 

Liquidus 

1  60  40 

Red 

183  C 

190  C 

j  45  55 

Crimson  Buff 

183  C 

227  C 

1  40  60 

Green 

183  C 

238  C 

1  30  70 

White 

183  C 

257  C 

1  20  80 

Purple 

183  C 

1  276  C  J 

3  CORES  OF  FLUX  provide  just  the  correct  propor¬ 
tion  of  flux  to  solder.  NO  extra  flux  is  required.  The 
flux  does  not  tend  to  run  out  of  the  cores :  so  there  is 
always  a  supply  available  for  the  next  joint.  The  utmost 
economy  of  flux  and  solder  is  achieved. 


Five  standard  antimony  free  alloys  are  available. 
Ersin  Multicore  Solder  is  suppled  in  bulk  quantities 
in  any  other  tin  -  lead  alloy  to  special  order. 
Recently  45  tin  and  55  lead  alloy  has  been  in 
most  demand  for  electronic  equipment.  Colour 
coding  of  reels  and  packages  makes  different 
alloys  instantly  recognisable. 


GAGING  BY  BLIND  (continiMj 

1 

indicates  high,  the  green  low,  and! 
the  orange  middle.  I 

The  lamps  give  the  setup  tedi^ 
nician  a  quick  visual  check  on  the* 
efficiency  of  the  gage.  Whe® 
originally  set,  the  gage  is  adjusted^ 
to  a  master  gage  and  gives  both* 
a  visual  and  audible  indication  as 
close  as  0.0000002  inch  over  or 
under  a  specified  diameter  toler¬ 
ance. 

In  developing  the  present  model, 
almost  two  years  of  experimental 
work  with  various  gages  was  spent 
before  Timken  engineers  were 
satisfied.  They  first  developed  a 
Braille  gage  in  which  the  article 
to  be  gaged  was  pushed  between 
two  points  (representing  the 
proper  diameter)  in  a  horizontal 
plane  electrically  connected  to  a 


GAGING  HEAD 


Wafer  Proof,  Moisture  Proof 
€ut€t  Steam  Proof  METERS 


niitb  _ 


Fig.  2 — Mechaniccd  diagram  oi  the 
work  table  and  gage  head  on  whidi 
bearing  races  and  other  ports  ore 
gaged  by  blind  workers 

finger  block.  The  contact  of  the 
article  raised  the  first,  second,  or 
third  of  three  points  on  a  vertical 
plane.  This  was  considered  too 
cumbersome  for  wide  application. 

Radio  Range  Signals 

An  electronic  gage  was  sug¬ 
gested  by  a  Timken  official  whose 
flying  experience  had  made  hint 
familiar  with  the  A  ajid  N  on- 
course  signals.  An  earphone  re¬ 
produced  the  letter  A  if  the  article 
was  too  small  and  if  too  large,  the 
letter  N.  If  the  article  was  accept¬ 
able,.  the  signals  joined  to  produce 
a  continuous  tone.  Minute  high 
and  low  spots  in  the  surface  of  the 
article  interfered  with  the  tranfr 
mission  of  the  signals  and  this 


PRECISION  CALIBRATED  .  .  .  LASTING  ACCURACY 


VOLTMETERS . . .  AMMETERS . . .  MILLI  AMMETERS . . . 


MICROAMMETERS... WAHMETERS... BOTH  AC  AND  DC 


THE  HICKOK  ELEaRICAL  INSTRUMENT  CO. 

10527  DUPONT  AVENUE  >  CLEVELAND  8,  OHIO 


Now,  you  can  get  HICKOK  precision  and  dependability 
in  a  new  line  of  hermetically  sealed  meters.  Available 
in  3^'  and  4^'^  round  styles.  Dimensions  of 

American  War  Standards  Assn.  Drawings  C39.2-1  and 
The  4^  size  is  built  especially  for  use  in  radio 
aervice  equipment  where  several  scale  arcs  are  required. 

All  instruments  are  hermetically  sealed  and  both 
vacuum  and  pressure  tested  under  water.  Case  fabri¬ 
cated  of  pressed  steel  and  made  corrosion  resistant  to 
meet  specifications.  Terminals  are  a  special  glass 
8oldered-in  type. 

All  meters  are  fully  shielded,  permitting  use  on 
either  magnetic  or  non-magnetic  panels.  Operation 
is  aecurate  and  dependable  even  up  to  83**  centigrade. 
Internal  pivot  construction  in  D.C.  types  assures 
longer  life  and  greater  resistance  to  shock  and  vibra¬ 
tion.  Write  for  further  information  today. 
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IMC  PRODUCTS 

Vortox  Vomishvd  Cloth  and  Tapo* 
— Varslof  Combination  Slot  Inso¬ 
lation — Vamishod  Silk  and  Papor 
— Fiborglat  Eloctrical  Insulation — 
Manning  Insulating  Papors  and 
Pross  Boards — Dow  Coming  Sill- 
conos  —  Podigroo  Varnishos  — 
Ditflox  Varnishod  Tubings  and 
Soturotod  Sloovings  of  Cotton  and 
Piborglas — National  Hard  Fibro 
and  Fishpapor  —  Phonolito  Bako- 
Uto — Adhosivo  Tapos— Asbostos 
Wovsn  Tapos  and  Sloovings — Cof> 
ton  Tapos,  Wobbings,  and  Sloov- 
logs,  and  othor  insulating  motoriols. 


FlEXnU  VARNISHID  TUMIK 
PRODUCTS  lUCUmilG  nUERGUS 

Ease  of  handling  in  the  shop  and  permanence  in  the  finished  assembly 
are  features  of  Dieflex  varnished  tubings  and  sleevings  which  designers 
and  production  men  appreciate. 

Dieflex  Products  are  a  decided  aid  in  manufacturing — the  smooth  in¬ 
side  treated  bore  is  easy  to  thread — prevents  snagging — facilitates  telescop¬ 
ing.  The  roundness  and  non- flattening  qualities — extreme  flexibility  and 
non-fraying  qualities,  give  maximum  workability  and  protection.  The 
Fiberglas  grades  give  permanence.  Its  complete  varnish  impregnation  gives 
excellent  protection  against  moisture,  oils,  and  chemicals  and  provides 
maximum  electrical  insulating  qualities. 

Obtain  the  finest  varnished  tubing  products  by  specifying  Dieflex. 
They  meet  or  surpass  V.  T.  A.  and  A.  S.T.  M.  standards. 


WHEN  IN  NEED  CALL  FOR  THE  IMC  ENGINEER 


INSULATION  MANUFACTURERS  CORPORATION 


CHICAGO  6  a  565  West  Washington  Blvd. 
CLEVELAND  14*  1005  Leader  Building 


RoprMMfahVus  in 


MILWAUKEE:  312  Ea«l  Witcomin  Avm« 
DETROIT:  11341  Woodward  Avonwo 
MINNEAPOUS:  316  Fourth  Avo.,  South 
PEORIA:  101  Hoinz  Court 


|kV»^ 


::itfANUFAC 


Akra-Ohm 


Resistors 


Accurate  Fixed 


Wire  Wound 


Types 


6AGING  BY  BLIND 


(continutd) 


indicating  gage  was  abandoned. 

Another  electronic  unit  was  tried 
that  produced  a  high,  low,  and 
normal  audio  tone  in  the  earphones. 
To  overcome  fatigue  due  to  the 
constant  sound,  a  photoelectric 
unit  was  installed.  This  used  a 
beam  of  light  across  the  gage  block 
so  that  when  no  work  was  in  the 
gage  the  sound  ceased.  This  was 
discarded  after  the  operator 
objected  because  the  earphones  de¬ 
prived  him  of  any  outside  sound, 
making  him  feel  closed-in  and  help¬ 
less. 

This  led  to  the  use  of  a  loud¬ 
speaker  fixed  on  the  back  of  the 
operator’s  chair.  Then  the  line¬ 
man,  who  sets  up  the  gage  with  a 
master  and  checks  it  for  accuracy, 
objected  to  the  new  model  because 
it  required  two  masters  to  set  up 
and  check,  one  for  the  high  limit 
and  one  for  the  low  limit. 

Simplified  Gage 

A  visual  gage  was  then  added  to 
the  sound  one,  eliminating  the  need 
for  two  masters.  Since  the  device 
was  becoming  complicated,  the 
phototube  was  eliminated  by  add¬ 
ing  a  switch  to  the  back-stop  of 
the  gage  to  shut  off  the  tone  when 
the  gage  was  not  in  operation. 
This  final  model  proved  satisfac¬ 
tory  to  the  operator  and  the  line¬ 
man  and  is  the  one  now  in  opera¬ 
tion. 

Helen  Keller,  flanked  by  Polly 
Thomson,  her  constant  companion 
for  more  than  thirty  years, 
attended  the  demonstration  with 
high-ranking  leaders  of  the  blind, 
of  industry,  the  American  Legion, 
and  officers  of  the  company. 


Measuring  Temperature 
of  Molten  Steel 

The  temperature  of  molten  steel 
covered  with  slag  is  measur^ 
within  45  seconds  by  a  new  plah* 
num  thermocouple  when  used  m 
conjunction  with  an  electronic  w* 
corder.  Use  of  the  device  is  expected 
to  improve  the  quality  and  uniform¬ 
ity  of  stainless  steel. 

The  thermocouple  has  an  imroer- 
sion  head  comprising  a  platinum 
and  platinum-rhodium  thermo¬ 
couple  encased  in  a  fused  silica  tube 
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This  New  Bulletin 
tells  you  what  you 


want  to  know  about 

ACCURATE  FIXED 
WIRE  WOUND 


RESISTORS 


DIMENSIONAL  SPECIFICATIONS  •  MOUNT¬ 
ING  AND  TERMINAL  DESIGNS  •  POWER 
DISSIPATION  •  TEMPERATURE  COEFFI¬ 
CIENT  OF  RESISTANCE  •  MAXIMUM 
RESISTANCE  CHARTS  •  RESISTANCE 
ALLOYS  •  MOISTURE  AND  FUNGUS 
PROOFING  •  HERMETIC  SEALING 

Shallcross  Types  Designed  to 
Meet  JAN~R  93  Specifications 


DEPT.  E.105  COLLINGDALE,  PA. 


THE 


Leland 


Motors,  Generators,  Motor  Gen* 
orators  and  Voltage  Regulators 


ELECTRIC  COMPANY 


DAYTON,  OHIO  •  IN  CANADA,  LELAND  ELECTRIC  CANADA.  LTD. . . .  GUELPH,  ONTARIO 
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HEAT  MEASUREMENT 


(continiMd) 


TO  YOUR 

PARTICULAR  NEEDS 


I  I 

mounted  in  a  block  of  graphite  at 
j  the  end  of  a  12-foot  insulated  pipe. 

As  shown  in  the  drawing,  the  im¬ 
mersion  head  is  manipulated 
through  the  furnace  door  and 
!  dipped  into  the  steel  bath.  The  ex- 
i  posed  tip  of  the  silica  tube,  contain- 
!  ing  platinum  thermocouple  wires,  ia 
immersed  in  the  steel  itself.  A 


The  know-how  gained  in  engineering  transformers  to  war’s  exacting 
specifications  is  now  available  to  solve  your  peacetime  transformer 
needs.  Stancor  engineers  are  ready  to  study  and  master  the  toughest  prob¬ 
lems  you  can  set  them.  Production  men  trained  to  exacting  standards, 
with  modern  equipment  and  precision  winding  machinery,  assure  that 
highest  specifications  will  be  met  in  the  finished  product. 

When  you  have  a  transformer  problem,  think  first  of  Stancor.  Competent  sales 
engineers  ace  ready  to  satisfy  your  most  exacting  transformer  requirements. 

STANCOR 

STANDARD  TRANSFORMIR  CORPORATION 


1500  NORTH  HALSTED  STREET 


CHICAGO  22,  ILLINOIS 


Arrangement  oi  thermocouple  and 
Brown  electronic  recorder  for  measuring 
temperature  oi  steel  in  iurnoce 

graphite  block  protects  the  sensi¬ 
tive  silica  tube  against  deteriora¬ 
tion  by  slag  or  mephanical  shock. 

Temperature  is  recorded  auto¬ 
matically  on  a  Brown  ElectroniK 
recorder  designed  expressly  for  this 
application.  The  chart  rotates  at 
the  rate  of  one  revolution  in  four 
minutes  and  only  during  reading. 

Patent  rights  to  the  platinum 
thermocouple  have  been  acquired 
by  Brown  Instrument  Company 
from  Rustless  Iron  and  Steel  Cor¬ 
poration,  whose  engineers  devel¬ 
oped  the  unit. 


A  Phototube  Amplifier 

By  Lt.  John  F.  ScmxY 

Point  Lookout,  Nrw  York 

An  amplifier  is  often  desired 
which,  when  used  with  a  phototube, 
can  be  used  as  a  switch  to  control  • 
variety  of  industrial  equipment.  A 
number  of  such  devices  have  been 
described  in  the  literature,  some  of 
them  more  complex  than  might  be 
desirable. 

The  amplifier  to  be  described  con¬ 
tains  no  coupling  capacitors  be¬ 
tween  stages  and  therefore  only  the 
inertia  of  the  relay  limits  the  speed 
of  operation.  In  addition,  it  is  po»' 
tive  in  its  action,  being  unaffected 
by  normal  power  supply  change* 


ELECTRONIC 

RECORDER 
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With  high  pressure  axial  flow 
blowers  you  get  more  air 
against  high  pressures  with  ~ 

0  leAA  . . . 


%  (cm 


ONTIRELY  new  conceptions  of  equipment  design  arc  made 
possible  by  Axial  Flow  Blowers  as  developed  by  our  engineers. 
Dynamic  Air  High  Pressure  Axial  Flow  Blowers  deliver  volume 
and  pressure  with  fractions  of  space,  weight  and  power  necessary 
with  ordinary  blowers.  Investigate  these  adaptations. 

Many  Dynamic  models  are  available  in  single  and  two-stage  rat¬ 
ings  from  25  c.f.m.  at  .25"  S.P.  to  10,000  c.f.m.  at  10"  S.P. 
Aircraft,  electronic  and  Marine  units  available  with  motors  as 
follows: 


24/28-V  D.C. 

115-VD.C. 

115-VA.C. 


1/500  to  4h.p. 
1/100  to  4h.p. 
1/100  to  Vi  h.p. 


400-cycle  A.C.  1/500  to  1  h.p. 

All  units  available  for  shaft  or  belt  drive.  Adaptations  can  be 
made  to  precise  requirements.  Prototypes  for  postwar  develop¬ 
ment  projects  are  available.  Consult  us  about  your  Blower  needs. 


D¥MAMI€@Allf  ENQINEERIN^B 

^  lot 

DCSIGNfRS  and  BUILDERS  of  HIGH  EFFICIENCY  AXIAL  FLOW  EOUIRMENT  / 


PHOTOTUBE  AMPLIFIER 


{continu«4| 


and  parameter  changes  over  a  wide 
range.  The  circuit,  shown  in  the 
diagram,  contains  a  927  phototube 
for  the  input  excitation,  a  6SN7  as 
a  cathode  follower  working  into  a 
control  amplifier,  and  a  6V6  power 
amplifier  feeding  the  relay. 

Circuit  Operation 

The  unit  operates  as  follows: 
First,  assume  the'  phototube  to  be 
removed  from  the  circuit.  Under 
this  condition,  the  grid  of  the  first 
6SN7  section  (the  cathode  fol¬ 
lower)  is  at  ground  potential.  Plate 
current  of  both  sections  of  the 
6SN7  flows  through  the  2200-ohin 
cathode  resistor,  so  that  the  cathode 
follower  is  biased  almost  to  cutoff. 

The  second  section  (control  am- 


SPECIAL 

ELECTRONIC 

EQUIPMENT 

, .  from  design  engineering 
to  the  finished  product 


TYPICAL !“These  three  units 
comprising  mixer  and  master 
output  switching  assemblies 
for  a  critical  application  are 
typical  of  B  &  W  facilities  for 
handling  custom-built  engi¬ 
neering  and  production^as* 
signments. 


In  addition  to  its  complete,  well-known 
lines  of  Air  Inductor  Coils  and  Heavy 
Duty  Variable  Condensers,  B  &  W  offers 
a  wealth  of  specialized  facilities  for  the 
engineering,  design  and  production  of 
custom-built  electronic  equipment. 
Among  units  recently  produced  are  spe¬ 
cial  transmitters,  test  equipment,  tuning 
units,  high— and  ultra-high  frequency  as¬ 
semblies,  high-voltage  equipment  and 
many  more.  What  do  you  need— designed 
and  constructed  throughout  to  match 
your  application  exactly? 


Circuit  of  novel  phototube  ompliiiw 
which  eliminates  the  time  constoot  oi 
coupling  capacitors  by  driving  lb* 
screen  rather  than  the  control  grid  d 
the  output  tube 


plifier)  of  the  6SN7  has  a  positive 
9  volts  on  the  control  grid,  so  that 
it  conducts  sufficiently  for  the  plate 
voltage  to  drop  to  about  50  volts- 
The  combined  plate  currents  fur* 
nish  a  positive  voltage  of  about  1® 
volts  on  the  two  cathodes.  The  plate 
of  the  control  amplifier  is  connec^ 
to  the  power-amplifier  screen  which 
then  has  a  potential  of  50  volts.  The 
grid  of  the  6V6  is  grounded,  an 
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Front  Row 
Back  Row 


Single  ARL;  Dual  ATF;  Single  ATM. 
Dual  ARL;  Single  ATF;  Dual  ATM. 


The  SICKLES’  Air  Dielectric 
Trimmer  Condenser  Family 


From  one  Condenser,  The  Sickles’  Air  Dielectric 
Trimmer  Condenser  Family  has  grown  until  today 
there  are  six.  All  of  them  have  the  Sickles’  Family 
Characteristics  of  quality  production  backed  by  top 
engineering  skill. 

First  on  the  list  of  the  Trimmer  Condenser  Family 
»  Type  ARL  which,  equipped  with  a  slightly  larger 
plate  than  the  others  and  with  a  close  spacing,  has  a 
wide  effective  capacity  range.  This  Condenser  has 
ao  fixed  capacity  plates. 

Type  ATF  is  particularly  suited  for  I.F.  Trans¬ 


former  Tuning.  Fixed  plates  in  parallel  with  its  rotor 
produce  a  high  minimum,  low  range,  stable  condenser. 
It  is  available,  also,  without  fixed  section  to  give  a 
standard  version  smaller  than  the  ARL.  This  is 
known  as  Type  ATR. 

Type  ATM  is  the  baby  of  the  family.  One  of  the 
smallest  condensers  made,  it  has  a  wide  variety  of 
applications;  as,  for  instance,  in  a  double-tuned 
transformer  with  a  1^"  square  shield. 

The  complete  story  on  any  of  these  Sickles’  quality 
products  is  available  on  request. 


THE  F.  W.  SICKLES  COMPANY,  CHICOPEE,  MASSACHUSETTS 
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(contlniMd) 


bias  for  the  stage  is  furnished  bj 
the  voltage  divider  consisting  of  ft 
and  i2w,  plus  whatever  voltage  is 
developed  across  i2,o  by  plate  cur¬ 
rent.  With  60  volts  on  the  screen 
grid,  250  on  the  plate,  and  about  10 
volts  on  the  cathode,  the  tube  is 
very  nearly  cut  off,  and  the  relay  in 
the  plate  circuit  remains  unener¬ 
gized. 


OF  VARIABU  RESISTORS 
AND  BAND  SWITCHES 


Conditions  With  Phototube 

When  the  phototube  is  inserted 
in  the  circuit  and  illuminated  by  an 
outside  source,  current  through  the 
phototube  makes  the  grid  of  the 
cathode  follower  more  positive.  The 
increase  of  cathode-follower  cur¬ 
rent  results  in  a  higher  cathode 
voltage  of  22  volts  for  the  stage. 
This  rise  also  is  applied  to  the  cath¬ 
ode  of  the  control  amplifier.  Since 
the  grid  voltage  of  the  control  am¬ 
plifier  is  held  constant  by  divider 
Rt  and  Rj  at  9  volts,  the  result  is 
that  close  to  cutoff  bias  is  applied  to 
this  section.  Actually,  the  tube 
would  be  cut  off  with  the  exact  val¬ 
ues  given.  However,  the  meter  used 
in  making  the  measurements  was 
not  sensitive,  hence  the  voltages 


Type  WT  PALNUTS  greatly  simplify 
ana  speed  up  the  mounting  of  variable 
resistors  and  band  switches  to  the 
chassis.  These  one-piece,  self-locking 
nuts  replace  a  regular  nut  and  lock- 
washer.  Assembly  is  much  faster  be¬ 
cause  one  part  is  handled  instead  of 
two  and  assembly  can  be  made  with 
power  tools. 

Type  WT  PALNUTS  are  single  thread 
nuts  made  of  resilient,  tempered  spring 
steel,  accurately  formed  to  fit  f" — 32- 


Screen  Control 

The  result  of  the  drop  in  plate 
current  is  to  raise  the  plate  voltage, 
and  hence  the  screen  voltage  of  the 
power  amplifier,  to  170  volts.  This 
increased  screen  voltage  permits 
the  6V6  to  conduct  heavily  enough 
to  close  the  relay  in  the  plate  cir¬ 
cuit.  This  relay  then  serves  to  con¬ 
trol  whatever  device  may  be  used 
with  the  amplifier. 

The  actual  voltages  for  the  non¬ 
operative  condition  are  between 
those  given  in  the  two  cases  above, 
since  under  normal  conditions  the 
phototube  conducts  to  some  extent, 
although  not  enough  to  operate  the 
relay. 

If  desired,  the  device  can  be  kept 
normally  energized  by  a  li^^ 
source  on  the  phototube,  in  which 
case  any  interruption  of  the  beam 
would  deenergize  the  relay  and  op¬ 
erate  the  controlled  device. 

Resistors  Ra  and  Ra  are  the  coarse 
and  fine  sensitivity  controls,  r®* 
spectively.  One  control  may  ^ 


thread  bushings.  They  run  onto  work 
easily,  without  damage  to  parts. 
Smooth,  flat  base  fits  snugly  against 
chassis.  Double  locking  spring  action 
holds  tight  under  vibration.  Costs  less 
than  regular  nut  and  lockwasher — re¬ 
quires  no  more  space. 

WRITE  on  business  stationery  for 
samples  of  Type  WT  PALNUTS  and 
engineering  data. 

The  Palnut  Company 

77  Cerdler  St.  Irvington  11,  N.  J. 


TO  MANUFACTURERS  OF  VARIARLE 
RESISTORS  AND  BAND  SWITCHES 

Type  WT  Palnuts  are  ideal  for  replace¬ 
ment  part.  Include  them  in  shipments  to 
service  trade. 
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Invisible  to  the  Naked  Eye- 

but  youV  want  these*  in  your  P/osfic  Farts 
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Whether  you’re  interested  in  food 
machine  housings  or  any  other  larger 
parts,  the  same  thing  applies — these 
hidden  qualities  add  value  to  your 
product: 

1.  Minimized  internal  stress 

2.  Uniform  density 

3.  Most  thorough  cure  possible 

4.  Better  finish 

5.  No  “weld”  lines 
fi.  Generally  improved 

properties 

7.  Less  or  no  washing  of 
inserts  (fewer  rejects) 

TT»eje  are  seven  of  the  by-products  of 
iocorporating  Heatronics  (radio  fre¬ 


quency  pre-heating)  into  standard 
molding  techniques.  And  they’re 
qualities  you’ll  probably  want  in  your 
next  molding  job. 

We’ve  been  developing  Heatronic 
molding  standards  since  one  of  the 
first  units  in  the  industry  was  de¬ 
livered  to  our  plant — today  we  can 
show  you  a  large  and  still-growing 
Heatronic  installation,  as  well  as 
many  outstanding  molding  jobs  ac¬ 
complished  through  its  use.  We  do 
the  whole  job,  of  course— designing, 
mold-making,  molding  and  finishing 
— and  we  can  talk  business. 


If  you’re  interested  in  these  plus- 
values  in  plastics,  ask  for  a  Kurz* 
Kasch  engineer. 


*'A  Businessman’s  Guide 
to  the  Molding  of  Plastics’* 


Send  for  your  free 
copy  of  this  illus* 
trated  brochure. 
Just  write  to  Dept. 
7  on  your  letter- 
bead  and  we’ll 
send  it  with  our 
compliments. 


THff  wait  BONDS  YOU  KilB 
AMt  THff  BONDS  THAT  COUNT 


Kurz'Kas€h 


For  over  28  years  Planners  and  Molders  in  Plastics 


Kun-Katch,  Inc,  142S  South  Broadway,  Dayton  1,  Ohio.  Branch  Solos  Olllcott  Now  York  •  Chicago  •  DotroH 
Indianapolis  •  lot  Angolot  •  Dallas  •  St.  Louis  •  Toronto,  Canada.  Export  Ofllcosr  S9  Brood  Stroot,  Now  York  CHy 
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NOTE:  Amalgamated 
Engineers  mil  gladly  caj^ 
suit  uAth  you  on  the  oe* 
sign  and  development  of 
Plugs  and  Jacks  for  spe- 
cud  applications — presetU 
or  postwar. 


W.UG.  STYLl  ••O** 

Tw.CM<«etw.  ^ 


PLUG  PI^S4.  PLfS40, 
PU354. 

NJLP.  21S2IB-2 

JV"S.".m.huS8*«  w 

PL'SS. 


Gifrkhas  of  on  Indian  diTision  in  ImIT 
used  British  radio  equipment  Above 
Horildor  Birbahadur  Limbu.  GvxUs 
wireless  operator  on  potrol  is  clod  b 
white  to  blend  with  the  snow.  Gorli® 
were  members  of  an  Indian  dirbbo 
that  held  a  section  of  the  Italicm  irod 
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PllICS  --  JACKS 

for  rrrri/  Lnoirn  appUrntion: 

Built  in  accordance  with  latest  Signal  Corps  and  Navy  speci¬ 
fications,  Amalgamated  Plugs  and  Jacks  are  tropicalized  to 
moke  them  fungus  resistant,  waterproof  ond  moistureproof 
.  ^  when  colled  for.  Insulators  of  these  components  ore  designed 
to  withstand  extremes  of  temperatures  for  -67°F  to  +167°F. 
at  humidities  up  to  100°o.  We  also  speciolize  in  producing 
Plugs  which  will  bear  up  under  the  high  heat  met  in  rubber 
molding  cord  sets. 


used,  but  if  both  are  used  adjust¬ 
ment  of  the  amplifier  is  simplifiei 
If  the  plate  of  the  phototube  is  con- 
nected  to  the  arm  of  i2,  and  IJ,  i 
not  used,  fJ,  should  be  replaced  by  i 
750,000-ohm  resistor. 

Adjustments 

Maintain  moderate  tension  on  thi 
relay  spring,  with  as  small  a  travd 
distance  as  necessary  to  preven: 
sparking  being  maintained  whei 
the  contacts  are  opened.  A  suppres¬ 
sor  capacitor  should  be  used  acrosi 
the  relay  contacts.  Adjust  R,  tt 
the  maximum  sensitivity  positioi 
(all  6,000  ohms  in  the  circuit).  Ad¬ 
just  Rt  to  the  maximum  sensitivity 
position.  If  the  relay  is  properly 
adjusted,  it  will  now  operate  re¬ 
gardless  of  the  light  on  the  photo¬ 
tube.  If  it  does  not,  change  the 
spring  adjustment  or  the  contact 
gap. 

With  the  phototube  under  ex¬ 
citation  from  the  light  source  with 
which  it  will  be  used,  back  off  R, 
until  the  relay  is  deenergized.  Ro¬ 
tate  Rt  about  one-eighth  of  a  turn 
in  the  reverse  direction.  The  relay 
will  again  be  energized.  Rotate  ft 
until  the  relay  is  deenergized,  and 
reverse  the  adjustment  just  pastthe 
point  at  which  the  relay  energizes 
again.  This  last  step  completes  the 
adjustment.  Cutting  off  the  light 

•  •  • 

GURKHAS  HANDIE-TALKIE 


AMALGAMATED  RADIO  TELEVISION  CORP. 

476  BROADWAY  .  NEW  YORK  13.  N.  Y. 


1  on  th( 
1  travel 
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I  wheii 
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Four  Bro«zo>Shioldod  Wright  Cyclono  18's  ratod  at 
2200  HP  power  tho  Booing  B-29  Suporfortrots  in  its 
smashing  attacks  against  tho  Japanoso  homoland. 


Tho  55«passongor  Lockhood  Constollation,  whoso 
trans-continontal  rocord  of  6  hours,  58  minutos  was 
poworod  by  four  Broozo-Shioldod  Wright  Cyclono  18’s. 


•  For  many  years  Breeze  has  been  recognized  as  the  General  Headquarters  for  Radio 
Ignition  Shielding.  The  reputation  which  the  products  bearing  the  Breeze  Mark  of 
Quality  built  up  on  national  and  international  airlines  before  the  war  has  now  been 
augmented  by  the  service  record  of  thousands  of  Breeze 
Shielding  Assemblies  for  America’s  famous  fighting  air¬ 
craft,  tank,  marine  and  commercial  engines.  When  final 
victory  has  been  won.  Breeze  will  once  again  be  able 
to  return  to  production  of  Shielding  for  commercial 
applications  without  delay  for  reconversion.  And  the 
reservoir  of  Breeze  Shielding  experience  so  materially  9^94/ 

increased  in  maintaining  dependable  communication  in  " 

war,  will  be  available  to  help  pace  progress  in  peace.  HEWABK  7  fPRliXii  BEW 


NEWAIK  ^rj^^^J^JlIEW  JEISEY 


f^Sreexe  • 
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source  will  deenergize  the  relay, 
applying  it  will  give  positive  clos¬ 
ing  of  the  relay. 

Precautions 

It  is  recommended  that  the  leads 
to  the  phototube  be  shielded,  as  the 
cathode  follower  acts  as  a  rectifier 
in  the  presence  of  60-cycle  pickup, 
changing  the  voltage  levels  in  the 
amplifier.  With  proper  placement 
of  the  leads,  however,  this  causes  no 
trouble  even  without  the  shielding. 

No  bypass  capacitor  can  be  used 
at  the  input  grid  because  the  10- 
megohm  resistor  in  conjunction 
with  a  sufficiently  large  capacitor 
to  bypass  60  cycles  would  cause  in¬ 
tolerable  delay  in  circuit  reaction 
time. 


'annon 


Timing  Action  of  the 
Blocking  Oscillator 

By  Emanuel  Last 

Development  Engineer 
Munston  MJg.  and  Service  Co. 

Timing  and  trigger  circuits  are  be¬ 
coming  increasingly  important  with 
each  new  application  of  electronic 
circuits  in  industry,  television,  and 
allied  radio  fields.  All  ts^pes  of  mul¬ 
tivibrators,  start-stop  circuits,  and 
relaxation  oscillators  have  made 
their  appearance  as  timing  devices. 
One  of  the  lesser  known  but  very 
useful  timing  methods  is  the  block¬ 
ing  oscillator. 

Operation  of  Circuit 

A  typical  blocking  oscillator  cir¬ 
cuit  is  shown  in  Fig.  1.  The  trans¬ 
former  shown  has  a  one-to-one 
turns  ratio.  Since  there  is  no  ex¬ 
ternal  or  fixed  biasing  arrangement 
in  this  circuit,  the  tube  will  conduct 


This  is  the  Waugh  Metal  Analyzer  (above 
and  below).  It  gives  an  instantaneous  in¬ 
dication  of  the  hardness,  grain  structure 
and  other  properties  of  ferrous  materials 
on  which  it  is  used.  It  performs  this 
scientific  feat  by  means  of  magnetic 
analysis  and  employs  many  precise  elec¬ 
tric  circuits  in  its  hook-up.  These  cir¬ 
cuits  are  connected  and  test  units  are 
plugged  in  through  various  Cannon 
Connectors — indicated  in  the  rear  view 
of  the  open  cabinet.  Both  plug  and  re¬ 
ceptacle  types  are  shown. 

Wherever  you  need  a  quick,  positive 
and  secure  connection  in  the  electric 


circuits  of  the  instruments  you  use  or 
the  products  you  manufacture,  use  Can¬ 
non  Connectors.  There  are  thousands 
of  stock  styles  and  sizes  to  choose  from 
and  a  staff  of  experienced  engineers  to 
develop  special  Cannon  Connectors  for 
your  use  if  need  be. 

fA  Type  "K”  Cannon  Con¬ 
nector  with  integral  clamp 
is  pictured  at  left.  Write  for 
a  Type  "K”  Cannon  Catalog 
to  get  a  general  introduction 
to  this  Cannon  line.  Address 
Department  A-12O,  Cannon 
Electric  Development  Co., 
3209  Humholdt  St.,  Los  Angeles  31,  Calif. 


W  JWCANNON  ELECTRIC 

Comon  Electric  Development  Ce.,  Los  Angeles  31,  Cdif. 

Canadian  Factory  and  Enginooring  Offico: 

Cannon  EUctric  Company,  Limitod,  Toronto 

REPRESENTATIVES  IN  PRINCIPAL  CITIES-CONSUIT  YOUR  LOCAL  TELEPHONE  BOOK 


FIG.  1 — Circuit  of  lypiced  blocking  os¬ 
cillator  and  polarities  established  when 
switch  is  first  closed 


ELECTRONICS 


October  1945 


rebe- 
:  with 
tronic 
i,  and 
:  mul- 
I,  and 
made 
ivices. 
very 
block- 


ir  cir- 
trans* 
to-one 
10  ex- 
ement 
»nduct 


19  o»- 

whm 


h 


These  heavy-duty  electrical  connect¬ 
ing  plugs,  molded  from  Bakelite 
plastics,  are  used  on  every  type  of  U.  S. 
combat  vessel.  They  are  unusual  be¬ 
cause  of  their  exceptional  wall  thick- 
and  density— conclusive 


nesses 

evidence  that  pre-war  limitations  on 
the  size,  shape,  and  design  of  Bakelite 
plastic  insulating  parts  no  longer 
exist.  They  were  produced  by  Heatron- 
ic  molding  —  announced  by  Bakelite 
Corporation  in  1943— which  has  vastly 
increased  the  moldability  of  all  types 
of  phenolic  molding  plastic,  including 
those  with  a  high  bulk  factor. 

In  Heatronic  molding,  the  heat  is 
uniformly  generated  within  the  mold¬ 
ing  material  charge  by  high-frequency 
current.  By  the  addition  of  high-fre¬ 
quency  preheating  units  to  standard 
and  transfer -molding 


compression- 
equipment,  parts  are  now  readily 
molded  that  formerly  involved  long  and 
expensive  molding  cycles.  Heatronic 
molding  shortens  curing  time  by  one- 
tenth  to  one-half,  often  reduces  mold¬ 
ing  pressures  by  30  to  40  per  cent,  and 
permits  larger  moldings  on  present 
presses.  It  also  causes  less  wear  on 
molds,  minimizes  shearing  and  dis¬ 
placement  of  inserts,  and  permits 
greater  production  per  mold  cavity. 

The  extremely  valuable  Heatronic 
molding  experience  gained  during  the 
*’ar  is  now  available  to  engineers  and 
designers  through  the  facilities  of  the 
Bakelite  Engineering  Staff.  Write  De¬ 
partment  67  for  detailed  information 
‘bout  the  advantages  of  this  outstand¬ 
ing  development.  Also,  write  for 
Booklet  G-8,  “A  Simplified  Guide  to 
Bakelite  and  Vinylite  Plastics.” 


MOLDING 

PLASTICS 


bakelite  corporation 

Unit  of 

Union  Carbide  and  Carbon  Corporation 

l!H3 

^  East  42nd  St.,  New  York  17,  N.Y. 
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BLOCKING  OSCILLATOR  (continual) 

with  the  closing  of  the  switch. 
When  the  tube  current  begins  to 
build  up  through  the  plate  coil  of 
the  transformer,  there  will  be  a 
back  emf  across  the  coil,  of  polarity 
as  shown  in  Pig.  1,  which  results  in 
a  dropping  of  plate  voltage. 

The  changing  primary  current 
will  induce  a  voltage  into  the  sec¬ 
ondary  or  grid  coil  of  opposite  po¬ 
larity  to  the  voltage  in  the  plate  coil. 
This  induced  voltage  will  cause  an 
electron  flow  in  the  grid  circuit 
producing  a  voltage  across  resistor 
R  of  such  polarity  as  to  make  the 
grid  positive  with  respect  to  the 
cathode.  At  the  same  time,  this 
grid  current  will  be  charging  capac¬ 
itor  C  through  resistor  R  until  the 
grid  goes  positive,  when  the  charg¬ 
ing  current  will  flow  mainly  through 
the  tube  from  cathode  to  grid.  This 
charging  path  being  through  the 
cathode-to-grid  resistance,  which  is 


FIG.  2 — Changes  in  polarities  thot  lead 
to  cutoff  of  plate  current 


relatively  small,  the  capacitor  will 
tend  to  charge  quickly  to  the  volt¬ 
age  induced  into  the  grid  coil. 

The  grid  of  the  tube  having  been 
driven  in  a  positive  direction,  the 
tube  will  draw  more  plate  current 
The  increased  plate  current  will 
produce  a  further  drop  in  plate 
voltage  and  a  greater  induced  volt¬ 
age  into  the  grid  circuit,  tending  to 
drive  the  grid  further  positive.  If 
this  action  continues  we  soon  arrive 
at  a  point  where  the  increase  in 
grid  voltage  will  not  result  in  an 
increase  in  plate  current  as  great 
as  previously.  Since  the  rate  of 
change  of  plate  current  thus  de¬ 
creases,  the  voltage  induced  into  the 
grid  coil  decreases. 

Effect  on  Capacitor 

The  voltage  across  capacitor  C 
has  been  closely  following  the  volt¬ 
age  induced  into  the  grid  circuit 
Therefore,  a  reduction  in  the  in* 
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•X*  We*ll  build  it ,,  ,  Rectifier  engineering 
is  our  business 

® 

W.  GREEN  ELECTRIC  COMPANY,  INC. 

CREEN  EXCHANGE  BUILDING  •  130  CEDAR  ST.,  NEW  YORK  6.  N.  Y. 


Draw  a  picture  here. ..rough  or  detailed. ..of 
the  type  of  rectifier  you  have  in  mind...* 


^or  Use  In  Tool  Rooms,  Foundries,  Metal 
V^rking  Plants,  Chemical  Plants,  Melting 
Fur^ces,  Heat  Treating  Furnaces,  Brazing 
Furno^s,  Annealing  Furnaces,  Salt  Baths, 
Proces^^okers,  Pouring  Ladles 


w  portoble  use. 

Siiu  “•SS-"'-  " 

^  -  s»  the  oppUco^’®”- 

RAHG*^  Design®**  »o  so  ^ 


•  Where  you  have  the  problem  of  measuring  elevated  tem¬ 
peratures,  the  new  Roller-Smith  Portable  Pyrometer  provides 
a  convenient  economical  answer.  Originally  designed  for 
Navy  use  on  aircraft  carriers,  it  combines  ruggedness  with 
portability  and  accuracy. 

The  portable  pyrometer  can  be  used  where  permanently 
installed  temperature  measuring  equipment  is  not  justified. 
It  can  be  used  to  advantage  on  jobs  where  temperature  is 
estimated  or  guessed  in  heat  treatment  or  metal-working 
processes. 

Temperature  ranges  of  the  Portable  Pyrometer  can  be  designed 
to  suit  the  application.  For  help  in  measuring  temperatures, 
write  us  the  details.  Address  Department  E. 

Roller  smith 


Saltg  K»pTmi9ntatiY»$ 
in  all  Priacipal  Citias 
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BETHLEHEM*PENNSYLVANIA 

In  Canada  t  RoHar-Smilh  Marslond,  ltd.,  Kitch«n«r,  Ontario 
stamoaud  and  paccision  tLEcraicAi  initaumehts  •  aimcaaet  iNETtuMEHTs  •  switchsea* 

AIM  AND  OIL  ClACUir  BAEAlEAt  •  BOTAAY  SWITCHES  AELAVS  •  AAECISIOM  BALANCES 


147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 

Specialists  in  the  Manufacture  of  ALNICO  PERMANENT  MAGNETS 
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duced  voltage  due  to  the  reduce 
rate  of  increase  of  plate  curreii 
will  result  in  the  voltage  across  th 
capacitor  being  slightly  larger  thai 
the  induced  voltage.  The  resultaii 
reversal  of  current  flow  in  the  gri 
circuit  gives  us  a  slight  negativ 
voltage  on  the  grid  (voltage  acros 
the  capacitor  less  the  induced  volt 
age  as  shown  in  Fig.  2A). 

Condition  for  Cutoff 

The  grid  voltage  going  slightlj 
negative  would  tend  to  make  thi 
tube  draw  less  current.  Since  then 
is  a  coil  in  the  plate  circuit,  the  coi 
will  build  up  a  counter  emf  to  op 
pose  this  change  in  current.  Thi 
grid  coil  will  have  a  voltage  induced 
into  it  180  degrees  out  of  phase 
with  the  plate-coil  voltage.  Noi 
the  voltage  across  the  capacitor  ani 
the  induced  voltage  are  additive 
causing  a  current  flow  that  gives 
large  voltage  across  resistor  R.  (Se 
Fig.  2B.)  This  voltage  makes  thi 
grid  negative  with  respect  to  th 
cathode  by  a  more  than  sufficien 
amount  to  cut  off  the  tube. 

The  cutting  off  of  plate  curren 
will  cause  the  plate  voltage  to  ria 
to  B  +  and  then  rise  above  thi 
value  due  to  the  back  emf  of  thi 
plate  coil  resulting  in  a  slight  oscil 
lation  whose  extent  will  depend  oi 
circuit  constants. 

The  induced  voltage  in  the  gric 
circuit  will  be  negligible  after  thi 
fast  positive  rise  in  plate  voltage 
The  voltage  on  the  grid  will  now  be 
due  only  to  the  capacitor  C  di> 
charging  through  resistor  R.  Thb 
discharge  will  give  an  exponentii 
decay  of  grid  voltage  continuing  <• 
fall  till  the  grid  voltage  reaches  the 
cutoff  potential  of  the  tube.  As  sod 
as  the  grid  voltage  rises  above  cut¬ 
off,  the  tube  will  conduct  and  thm 
the  cycle  will  repeat  itself.  Figurt 
3  shows  the  plate  voltage  Er,  tk 
grid  voltage  Ent  and  the  voltsp 


This  unusual  Arnold  manual  on  permanent  magnets  is  the  product  of 
many  months  of  careful. research  and  planning. 

It  is  devoted  entirely  to  the  consideration  of  the  factors  affecting 
the  design,  fabrication  and  application  of  Alnico  permanent  magnets. 
Written  entirely  by  Arnold  engineers,  its  purpose  is  to  help  engineers 
in  industry  to  better  utilize  the  magnetic  and  physical  characteristics 
of  the  Alnico  alloys  in  arriving  at  efficient  design. 

Write  today,  on  your  letterhead,  for  your  free  copy. 
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Motor  manufacturers  have  come  to  the  realization  that  the  specifi¬ 
cation  "Completely  Insulated  by  Irvington"  means  longer  motor 
life  with  less  chances  of  electrical  failures.  Basic  to  this  is  the  fact 
that  every  Irvington  insulation  has  been  formulated  to  produce 
definite  and  outstanding  characteristics  —  resistances  to  the  agents 
of  motor  destruction  —  heat,  corrosive  fumes,  excessive  moisture 
etc.  Insulations  have  been  designed  for  regular  and  imusual  motor 
needs  —  matched  to  work  with  each  other  for  blended,  smooth 
acting  motor  performance  —  to  produce  long-lasting  and  depend¬ 
able  motors.  From  this  one  source,  Irvington,  you  can  obtain 
insulations  not  only  for  motors  but  for  all  other  electrical  equip¬ 
ment  as  well.  Each  and  every  product  is  kept  to  Irvington's  high 
standards  by  strict  laboratory  and  production  controL  We  offer 
our  cooperation  and  invite  your  inquiries.  Write  Department  106 


IIVINGTON  PRODUOS  include: 

Cort  Plate,  Pinighing  and  Sticking 
romishes  •  Varnished  Canvas  and 
•  Varnished  Nylon,  Rayon  and 
•  Varnished  Papers  •  Insulating 
rsnchings  •  fibron  Plastic  Tapes 
*  Cardolite  Compounds 


ircuit  u 
variation 
sea  occuf 
es.  Thus 


VARNISH  A  INSULATOR  COMPANY 
Irvingtoii  11,  Now  Jersey,  U.  S.  A. 
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FIG.  3 — ^Voltages  produced  ot  the  plate, 
grid,  ond  copodtor  by  the  blockioq 
action 


charge  of  the  capacitor  in  the  grid 
circuit  from  its  charged  voltage  to 
the  cut-off  voltage.  This  time  will 
depend  on  three  items;  first,  the 
voltage  to  which  the  capacitor  is 
charged;  second,  the  cut-off  value 
of  the  tube ;  and  third,  the  RC  of 
the  discharge  circuit.  The  first  two 
items  will  be  determined  by  the 
applied  voltage,  the  tube,  and  the 
transformer.  Once  these  factors 
have  been  determined,  the  RC  will 
be  the  main  frequency  controlling 
factor.  Thus  by  varying  the  resis¬ 
tor  and  capacitor,  we  can  consider¬ 
ably  vary  the  frequency  of  the  out- 1 
put  pulses. 


In  addition  to  controlling  the  |  fig.  4 
frequency  of  the  output  voltage,  we  |  pi«t  c 
may  also  be  interested  in  the  output 
waveshape.  The  output  waveshape 
can  be  considered  under  two  as-  ot 
pects ;  first,  the  sharpness  and  time 
duration  of  the  negative  pulses:  ^  ® 

and  second,  the  oscillation  follow-  ^  c 

ing  the  negative  pulse.  ’  ^ 

The  sharpness  and  time  duration  6 
of  the  pulses  will  depend  largely  on  ,  hi 
the  transformer  used.  For  a  sharp  i  ^ 
short-duration  pulse,  we  must  have  ^  m 
a  transformer  that  will  pass  this  re 
pulse.  This  involves  the  trans-  |  “Proc 
former’s  ability  to  pass  some  faidy  '  ° 
high  frequencies  of  which  the  pulse  ;  w 
is  composed.  With  an  iron-core  :  ci 

transformer,  this  is  practically  i®^  [ 
possible  due  to  eddy  current  an  e 
hysteresis  Jos^^s  at  high  frequen*  ^ 
cies.  However,  ’  with  the  advent  o  \  w 
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Shape  of  Pulse 


OUR  23RD  YEAR  OF  DEPENDABLE  SERVICE  TO  AMERICAN  INDUSTRIES 


OUR  metallurgical  and  chemical  experts,  working  in 
close  collaboration  with  Electronic  Engineers,  have 
proven  an  important  factor  in  the  solution  of  many  difficult 
soldering  problems. 

The  achievements  of  the  Glaser  Staff  in  bringing  soldering 
.  media  under  advanced  scientific  control  constitute  a  noteworthy 
contribution  to  the  Electronic  Industry. 

Glaser  Solders  form  a  permanent  bond  be¬ 
cause,  first  and  foremost,  they  are  made  of 
Grade  A  virgin  metals.  Perfect  performance 
is  further  assured  by  the  correct  proportion- 
ing  of  the  flux  core  to  meet  specific  uses. 

Glaser  Plastic  Rosin  Core  Solders  are  widely 
used  in  the  manufacture  of  fine  electronic 
and  radio  equipment  for  the  Signal  Corps  and  GLASER 

other  branches  of  the  military  service.  Glaser  PRODUCTS 

Plastic  Rosin  Flux  is  non-conducting,  non-cor-  Brorfug 

rosive  and  non-hygroscopic.  Soid»r  aod  nn 

^1  <•  I  I  FIhxm  for 

Glaser  Solders  are  your  guarantee  of  con-  ovory  purpeso. 
tinuous  satisfactory  performance  under  the  -P'^**'* 

,  '  ^  Tlnnliig  CompoMod. 

most  exacting  service  conditions.  And  re- 

I  ^1  ■  r  ■  Glosor  Cold 

member,  Glaser  Solders  go  further,  enabling  Tiooiog  Compooiid. 

you  to  cut  soldering  costs.  Furnished  in  every  ci«**r  Gaivoniiiog 

...  '  Cemponiid  for 

gauge  and  alloy.  ,  rosorfociog  or 

*  TOuchlsQ  vp 

domogod  galvoohod 
surfocot 

Load  PredttcH  of 
•vory  doserlption. 

Load  Lining  of 
acid  or 
plating  tanks. 


Glatar  Resin  Cere  Selders 
exceed  gevernment  sped- 
ficotiens  in  parity,  and 
ere  guaranteed  te  meet 
A.S.T.M.  Ciats  A  speeifi- 
catiens  fer  selder. 


Consult  our  Engineering  Deportment  on  your  soldering 
and  flux  problems,  without  obligation. 

GLASER  LEAD  CO.,  INC. 

31  Wyckeff  Avenue,  Breeklyn  27,  N.  Y. 
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HOCKING  OSCILLATOR  (continued) 


powdered  permalloy  cores,  the  fre¬ 
quency  range  of  these  transformers 
lias  been  considerably  increased. 

I  f ith  this  t3T)e  of  transformer, 
diort-duration  pulses  can  be  ob¬ 
tained. 

Our  second  waveshape  problem, 
tiat  of  oscillation,  can  be  counter- 
cted  in  a  few  ways.  One  possible 
fay  is  to  load  down  the  plate  coil 
Tith  a  shunt  resistor  which  will 
tend  to  reduce  oscillation.  An  ex- 
mple  of  this  effect  is  shown  in 
Fig.  4A. 


nC.  4 — Uncompensated  output  from 
pktic  compared  with  output  from  other 
points  in  circuit 


Another  method  of  reducing  the 
o*cillation  in  the  output  signal  is  to 
place  a  load  resistor  between  the 
I^te  coil  of  the  transformer  and 
®+.  The  output  is  then  taken  off 

the  point  between  the  plate  coil 
,  “d  the  load  resistor.  This  results 
®  eliminating  most  of  the  oscilla¬ 
tion  in  the  output.  The  value  of  the 
'®>d  resistor  must  be  large  enough 
to  produce  a  sufficiently  large  pulse 
I^Pltage  across  it,  yet  it  must  not 
t*  80  large  as  to  excessively  limit 
tobe  current.  Figure  4B  shows  the 
°otput  with  the  plate  load  resistor 
®  the  circuit. 

A  third  possible  method  can  be 
“*®d  where  a  low-impedance  output 


There's  no  suostitute  for 

ACCURACY 


B.R.C.  instruments  are  designed  and  manufac¬ 
tured  to  give  accurate  and  precise  direct  read¬ 
ing  measurements  with  simplicity  of  operation. 


1  Ktl  TYPE  JM-  i 

A  Standard  for  ''Q”  MeaHunMiientH  with  a  repu¬ 
tation  for  accurate  and  dejiendaiile  MTvice.  Has  a 
Frequency  Range  of  .‘SO  kc  to  me  which  may  be 
extended  with  external  oscillator  down  to  1  kc. 


SIGNAL 

GENERATOR 

TYPE  mo  series 


Ty|>e  1.50  A — Frequency  41-50  me.  and  1-10  me. 
Type  151  A — Frequency  30-40  me.  and  1-0  me. 
Type  1.52  A — Frequency  20-28  me.  and  0.05-5  me. 
Type  154  A — Frequency  27-.39  me.  and  1-7  me. 
Developed  specifically  for  use  in  design  of  F.M. 
equipment.  Frequency  and  Amplitude  Modula¬ 
tion  available  separately  or  simultaneously. 


BOONTO 


•OONTON,  M.J. 


OfSiGNfBS  AND  MANUFACTURfBS  OF  THf  'Q  MfTFB 

otNt^ATOB  beat  fpeouencv  generatob 


ADIO  fy 


ox  CHtCKf*  fR£QUENCY  MODUlATfO  SIGNaI 
*N0  OTMfR  OIRfCT  READING  TEST  instruments 
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BASmi  AIR  DRVICIMAC 


Li^  of  tile  pari  tiijeir  pro^ucis  have  played 
in  l?rlnyiny  al>oul  TOTAL  VICTORY 
pled(^e  ikemseLves  to  conUnue 
tile  same  kiyk  decree  of 


ENGINEERING  &  MANUFACTURING 

INTEGRITY 


in  products  for  PEACE 


Specialists  in  the  development  and  manufacture  of 
fractional  HP  Tachometers, 


and  miniature  motors. 


generators 
and  blowers. 


Tachometers, 
solenoids, 
control  apparatus 
and  special  devices. 


CWe  soLicii  encfineerincf  an^  pro^uclion  prol^lems 


EASTERN  AIR  DEVICES  INC 


585  DEAN  ST.  •  BROOKLYN  17,  N.Y. 


P 
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Versatile  Plastic  E 


Electrical  Resistance  Required 

Induction  heating  machines  employ 
high-power,  high-frequency  currents 
and  naturally  require  a  plastic  material 
with  excellent  electrical  properties  for 
many  of  their  vital  parts.  In  addition, 
they  require  a  material  of  high  impact 
strength.  In  short — and  like  so  many 
instances  in  electrical  manufacturing 
— they  require  a  material  that  is  ver¬ 
satile.  Therefore,  the  choice  of  a  Durez 
phenolic  compound  for  this  purpose 
was  a  most  logical  one. 

Molding  Ingenuity 

As  molders  of  the  large,  heavy  plastic 
terminal  assembly  illustrated,  Michigan 
Molded  Plastics,  Inc.,  in  collaboration 
with  engineers  of  Budd  Induction  Heat¬ 
ing,  Inc.,  accomplished  a  feat  which 
typifies  the  ingenuity  of  America's 
custom  molders.  They  took  a  versatile, 
high-impact  Durez  phenolic  molding 
compound  with  unusually  excellent 
electrical  properties  and  molded  a  3- 
piece  terminal  assembly  for  an  induc¬ 


tion  heating  machine  which  not  only 
replaced  an  original  assembly  consist¬ 
ing  of  five  pieces  but  did  it  with  tre¬ 
mendous  savings  in  time  and  costly 
machining. 

Versatile  Phenolics 

Too  much  can’t  be  said  about  the 
versatility  of  phenolic  plastics.  Such 
properties  as  dielectric  strength,  di¬ 
versity  of  finishes,  excellent  mold- 
ability,  impact  strength  and  highest 
dimensional  stability  at  temperature 
extremes,  as  well  as  resistance  to 
moisture,  heat,  mild  acids  and  alkalies, 
are  inherent  characteristics  in  all  of 
the  more  than  300  Durez  phenolic 
molding  compounds. 

Perhaps  you  are  looking  for  the  plastic 
that  fits  your  job.  If  so,  you  should 
make  Durez  your  starting  point.  The 
services  of  experienced  Durez  tech¬ 
nicians  are  available  at  all  times  for 
your  benefit.  Durez  Plastics  &  Chem¬ 
icals,  Inc.,  3210  Waick  Road,  North 
Tonawanda,  New  York. 


hobably  no  other  Jield  uses  more  plastics 
ilwn  electrical  manufacturing.  The  myriad 
if  electrical  products  on  the  market  today 
call  for  thousands  of  versatile-propertied  plas¬ 
tic  parts.  The  majority  of  these  parts  are 
Moldeil  from  phenolic  compounds  because  the 
phenolics  are  the  most  versatile  of  all  plastics. 

Since  its  inception  the  plastics  industry 
has  been  prone  to  stress  volume  when 
it  comes  to  molded  plastics  applica- 
ipplications  where 


tions.  At  times, 
plastics  fit  the  job  better  than  any 
other  material  have  been  passed  up 
because  the  number  of  parts  required 
was  so  limited.  However,  there  are 
many  instances  where  the  inherent 
physical  properties  of  plastics  so  far 
outweigh  higher  costs  due  to  small 
volume  that  the  end  result  warrants 
the  use  of  these  materials.  Such  was 
the  case  with  Budd  Induction  Heating, 
Inc,  who  use  the  heavy  molded  Durez 
parts  illustrated  in  their  induction 
heating  machines,  and  who  found  that 
the  molding  of  plastics  was  more  prac¬ 
tical  and  economical  than  machining. 


Oil  SOlUtlE  liSINS 


PLASTICS  THAT  FIT  THE  JOB 
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MAX.  OUTPUT 
WATTS 


OIAMITIR 


StRIU  NO. 


2^  in. 
2%  in. 
3^6  in. 
4)^6  in. 
4'/2  in. 
5V»  in. 
6^6  in. 


AVt  in. 

4%  in. 

5%  to  S'Ha  in, 
6  Vi  to  7%  in. 
6’/2  to  8  in. 

8  Vi  to  1 0  in. 
9%  to  1 2  in. 


2/8  lbs. 

2%  lbs. 

4/2  to  7/2  lbs. 
6%  to  9  lbs. 
n/2tol3V4lbs 
17  to  21/2  lbs. 
28  to  36  lbs. 


2300 

2700 

3400 

4100 

4500 

5100 

6100 


10 

15 

125 

200 

250 

350 

500 


Fig.  1 — Tool  A  consists  of  a  T  hondlt 
and  a  socket  extension 


to  short  tool  life,  considerable  dam¬ 
age  to  adjacent  equipment  due  tc 
the  pliers  slipping  off  the  screv 
head,  and  numerous  hand  injuries 
to  personnel. 

Use  of  a  wrench  greatly  increased 
the  life  of  the  socket-punch  screw 
head,  but  did  not  greatly  decrease 
damage  to  equipment  and  hands 
due  to  wrench  slippage. 


tiew  Tools 

Use  of  a  i-in.  square  ratchet  bor 
vrench,  in  locations  where  th^ 
vas  adequate  hand  clearance, 
o  a  satisfactory  reduction  in  tb® 
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DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

l  M  port  Ad  Auriema,  89  Broad  S>.,  New  Yorit,  U.  S.  A.  Cable  Aunema.  New  York 


THE  SMALLEST  IN  SIZE 
%  THE  LARGEST  IN  OUTPUT 


Engineered  and  built  by  specialists,  EICOR 
DYNAMOTORS  have  earned  their  fine 
reputation  through  years  of  exacting  serv¬ 
ice.  These  dependable  units  furnish  the 
necessary  high  voltage  power  for  commu¬ 
nications,  direction  finding,  radio  compass 
and  other  controls. 

Our  complete  line  of  frame  sizes  makes 
possible  the  widest  available  range  of  dy- 
namotor  output  ratings  in  the  most  com¬ 
pact  sizes  and  weights.  This  assures  the 
most  economical  size  and  weight  for  every 
need! 

The  experience  and  skill  of  Eicor  Engi¬ 
neers  are  instantly  available  to  help  you 
on  any  problem  involving  Dynamotors, 
Motors,  or  Inverters. 


Improved  Socket- 
Punch  Wrenches 


By  Ronald  L.  Ives 

Dugway  Proving  Ground 
Tooele,  Utah 


In  modifying  finished  chawiB 
units  of  complicated  electronic 
equipment,  new  socket  holes  were 
required.  The  requirement  that  the 
instruments  be  out  of  service  for  a 
rpinimum  length  of  time  imposed  a 
number  of  tooling  problems  that 
are  not  ordinarily  encountered. 

.Qreenlee  screw-type  socket  hole 
punches  were  chosen  for  the  job 
and  it  was  found  that  the  tradi¬ 
tional  method  of  tightening  the 
pressure  screw  on  these  punches 
was  with  a  pair  of  pliers.  This  led 


is  acceptable  and  where  too  large  J 
voltage  is  not  required.  This  method 
is  to  insert  an  unbypassed  cathode 
resistor  and  take  the  output  acrow 
the  cathode  resistor.  Using  thhl 
method  we  obtain  positive  pulses' 
which  have  no  oscillating  compo¬ 
nent.  (See  Fig.  4C.)  A  fourth  pos¬ 
sibility  would  be  to  take  the  original 
output  and  feed  it  into  a  limiter  cir¬ 
cuit  that  would  respond  only  to  the 
negative  pulse. 


BLOCKING  OSCILLATOR 


(conlinutd 


Sondfo^  ^olpful 


DATA  FOLDER 


Thii  handy  folder  gives 
u  seful  data  and  informal 
tion  on  EICOR  Dyna¬ 
motors,  D.  C.  Motors, 
and  other  Rotary  Elec¬ 
trical  Equipment.  Write 
for  it! 
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Now  You  Can  Use  MYKROY  for; 


O  Large  Terminal  Boards 

#  Switch  Board  Panels 

#  Large  Inductance  Bars 
and  Strain  Insulators  up 
to  29  inches  long 

#  Switch  Connecting  Rods 


•  Transformer  Covers 

•  Large  Meter  Panels 

•  Bases  for  Radio  Frequency 
and  Electrical  Equipment 
assembliesrequiring  large 
one-piece  sheets 


Heretofore  the  largest  sheet  of  glass-bonded  mica  insula¬ 
tion  available  measured  x  By  doubling  the 

size,  Electronic  Mechanics,  exclusive  manufacturers  of  Mykroy, 
now  afford  Design  and  Production  Engineers  many  important, 
new  application  and  fabricating  advantages. 


IS  SUPPLIED  IN  SHEETS  AND  RODS  -  MACHINED  OR  MOLDED  TO  SPECIFICATIONS 


Lower  Cost  per  square  inch  affects  savings  as  high  as  33% 
depending  upon  work  piece  size,  greatly  reducing  the  cost  per 
Tooricated  part.  Better  {.uwng  etttciency  lowers 
cost  still  further  extending  the  use  of  Mykroy  to  a 
longer  list  of  electronic  applications  where  for¬ 
merly  cost  prohibited  its  use. 

Get  the  full  facts  about  this  versatile  dielectric 
now.  Ask  for  a  copy  of  the  new  MYKROY  BUL¬ 
LETIN  102  which  describes  the  new,  larger 
191/4"  X  293/4"  sheets. 


70  CLIFTON  BLVD  CLIFTON  N  J 

CHICAGO  47  1917  N  SpnnqfiMd  Avr  TpI  Alban*  4310 
EXPORT  OFFICE  89  Broad  Strfpt  Nrw  Yotl.  4  N*-  Yo-I. 


MADE  EXCLUSIVELY  BY 


Suppliad  in  Ihick- 
naitas  ranging 
from  Yg" — 1%" 


MICHANICAL  IMtOPERTIIS* 

MODULUS  OF  RUPTURE . 1S000-21000p«i 

HARDNESS 

Mohs  Seal*  3-4  BHN.  BHN  500  K9  lead  63-74 
IMPACT  STRENGTH  ASTM  Charpy  .34-.41  ft.  lbs. 

COMPRESSION  STRENGTH . 42000  psi 

SPECIFIC  GRAVITY . . . 2.75-3.B 

THERMAL  EXPANSION . 000006  por  Dogroo  Fahr. 

APPEARANCE  . Brownish  Gray  to  Light  Ton 

ELECTRICAL  PROPERTIES* 

DIELECTRIC  CONSTANT . 6.5-7 

DIELECTRIC  STRENGTH  I  %"l . 630  Volts  par  Mil 

POWER  FACTOR . 001 -.002  IMaats  AWS  1-41 

•THESE  VALUES  COVER  THE  VARIOUS 
GRADES  OP  MYKROY 
GRADE  B  Bast  for  low  loss  raquiramants. 

GRADE  3B.  Bast  for  low  loss  combined  with  high  me¬ 
chanical  strength. 

GRADE  51  Bast  for  molding  oppileations. 

Special  formulas  compounded  for  spaciol  requiremartts. 


Bosad  on  Power  Factor  Maosuramaitts  Mode  by 
Beenton  Radio  Carp,  on  standard  Mylway  Mack. 
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tor 


SOCKET-PUNCH  WRENCHES 


(confiitMd)  I 


20  0  -  5  0  0  K.  C. 

EXTREMELY  STABLE  CRYSTALS 
FOR  HIGH  OUTPUT  ANO  KEYING 

damped  low  frequency  plated  crystal 
units  with  permanent  frequency  precision, 
*X)1%  from  —  30°C  to  +60  "Cl  None  of 
the  instability  typical  of  old-style  spaced 
units.  A  crystal  that  can  take  it,  designed 
for  use  in  such  places  as  the  30-ton  Coast 
Guard  buoy  transmitter,  lighthouse  trans¬ 
mitters,  aircraft  landing,  etc.  Each  unit  sub- 

t'ected  to  rigid  Government  specification 
ceying  tests.  Mounted  in  aluminum  her¬ 
metically-sealed  holder. 

*  3  point  edge  suspension.  Top  2  points  ore  spring 
adjusted,  tamper-proof  sealed  for  permanent 
frequency  stability. 

*  Electrical  contacts  soldered  to  silver  plate  at 
nodal  points  —  no  mechanical  strain. 

*  Hermetically  sealed  holder  accomplished  by  spin¬ 
ning  oluminum  can  over  gasket  u^er  high  pres¬ 
sure. 

*  Another  Crystalab-engineered  development. 

Write  Dept.  E,L.  for  comprehensive 
cotaloiue  “Selectronie  Crystals”  and 
facilities  booklet  "Crystalab  Solves 
a  Problem”. 


S  CRYSTAL  RESEARCH  LABORATORIES 

INCORPOHATED 

l»B0R»T0RlfS  AND  MAIN  OffICt  2S  ALLTN  SIRtfT  HARtfORO  3  CONN 
N(»  roiA  Ollice  It  (  ttlli  t'icel.  No  TorA  10  N  T  Phone  MH  t  29t? 


QUALITY 

CONTROL 


The  illustration  shows  the 
use  of  the  metallurgical  mi¬ 
croscope,  with  filar  microm¬ 
eter  attachment,  which  gives 
the  greatest  known  accuracy 
in  measuring  the  diameter 
of  fabricated  mica  holes. 
(This  is  typical  of  the  Quality 
Control  of  production  of 
Ford  Mica). 

FOR  EVERY  ELECTRICAL,  RADIO 
AND  ELECTRONIC  USE 


number  of  tool  replacements,  break¬ 
ages,  and  injuries. 

Where  the  location  of  the  new 
socket  hole  was  in  the  center  of  a 
chassis  so  that  adequate  hand  clear¬ 
ance  was  not  provided,  the  punch 
was  first  turned  with  a  i-in.  square 
socket  extension  fitted  with  a  tap 
wrench.  From  this,  tool  A  (Fig  i) 
was  developed.  This  tool  consists 
of  a  i-in.  square  socket  extension 
brazed  into  a  hole  in  a  T  handle. 

By  turning  the  square  extension 
with  a  i-in.  square  ratchet  box 


Fig.  2 — Tool  B,  a  ratchet  wrench  that 
fits  a  socket  punch 

wrench,  a  ratchet  wrench  for  tight 
ening  punch  screws  in  difficult  lo¬ 
cations  developed.  The  final  form 
of  this  is  tool  B  (Fig.  2),  consist 
ing  of  a  square  extension  fitted 
and  brazed  into  a  ratchet  handle. 

Speed  Tool 

On  the  basis  of  experience  with 
the  two  tools  described,  tool  C  (Fig. 
3),  consisting  of  a  square  exten- 
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FORD  RADIO  &  MICA  CORP. 


Joseph  J.  Long,  President 

538  63rd  Street,  Brooklyn  20,  N.  Y. 

Established  1  91  7  •  Telephone:  Windsor  9-8300 


Fig.  3 — Tool  C  uses  o  carpenter's  brace 
lor  rapid  production  work 
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BEFORE  TRUARC 

The  American  Separator 
Company  found  no  solution 
to  the  problem  of 
excessive  noise  and 
vibration  set  up  by  the 
spur  gear  train  action  of 
this  separator  bowl 
revolving  at  8500. 


AFTER  TRUARC 

Truarc  Retaining  Rings 
eliminated  vibration  and 
noise  while  actually 
simplifying  the  assembly, 
achieving  a  rigid  bearing  of 
greater  strength  with 
no  loss  of  speed! 


If  your  problem  is  holding  together  or  positioning  moving 
parts,  you  should  know  Truarc  Retaining  Rings.  They 
offer  important  advantages  over  nuts,  shoulders,  collars 
and  pins.  They  save  space.  They  make  assembly  and 
disassembly  easier,  simpler,  quicker.  They  keep  their 
bulldog  grip,  hold  their  true  circularity  indefinitely  under 
severe  working  conditions.  Test  Waldes  Truarc  in 
your  products,  in  the  machines  that  make  them.  Writt 
for  samples  and  complete  data.  Dept.  H-lO. 

WALDES 

TRUARC  ^ 

RETAINING  RING 

WALDE8  KOBINOOI,  INC.,  LONG  I8LAND  CRT  t,  NEW  TOIK 

CANAOIAN  •gMCtCNTATiVCfi  MCNCO  MOOHm  CPUf.y*  tT0.«  72*74  STArfOIIO  trAfCT«  TOAONTO 
<1,  t.  MT.  AC— It.  144 
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CHICAGO  39,  ILLINOIS 


5841-49  DICKENS  AVENUE 


BUY  MORE  BONDS! 


t  OPTice,  25  W{ 
Cable  Add 


arren  Street,  Ne’ 
Iress:  Simontrice, 


SOCKET-PUNCH  WRENCHES 


(continued) 


sion  fitted  and  brazed  to  the  chuck 
core  of  a  ratchet  carpenter’s  brace, 
was  developed.  This  was  found 
quite  satisfactory  for  rapid  produc¬ 
tion  work. 

By  coupling  various  i-in.  square 
fittings  to  any  of  these  tools,  a 
socket  hole  can  be  made  in  almost 
any  location  where  it  is  possible  to 
drill  a  pilot  hole  for  the  punch 
screw. 

Use  of  these  tools  led  to  an  esti¬ 
mated  25-percent  increase  in  pro¬ 
duction,  with  an  accompanying  de¬ 
crease  of  equipment  damage,  and  a 
virtual  elimination  of  hand  in¬ 
juries. 


New  Photocell  for  Ultraviolet 

The  British  company  Cinema-Tele¬ 
vision  Ltd  has  produced  a  new  pho¬ 
tocell  for  ultraviolet  light  which  is 
an  improvement  on  the  older  so¬ 
dium  cell  with  a  quartz  window. 

The  envelope  of  the  new  tube  is 
made  entirely  of  fused  quartz  since 
the  cathode  is  antimony  caesium 
and  there  does  not  seem  to  be  any 
cement  known  which  can  be  used  to 
make  a  vacuum-tight  quartz  win¬ 
dow  in  a  glass  cell  and  yet  which 
does  not  combine  chemically  with 
the  caesium  vapor  used  during  the 
sensitising  process. 

The  antimony-caesium  cathode 
responds  to  wavelengths  between 
6,500  and  2,000  Angstroms  with  s 
peak  between  4,000  and  4,600.  In 
the  ultraviolet  region,  the  new  ceU 
is  far  superior  to  the  older  sodium 
type  and  produces  from  100  to  500 
times  the  output,  size  for  size  and 
operating  in  a  vacuum. 

What  is  equally  or  more  impor¬ 
tant,  is  the  fact  that  the  antimony- 
caesium  cathode  has  good  response 
in  the  visible 


The  urgent  demand,  in  peacetime  days,  by  the  aircraft 
and  radio  industries  for  a  compact,  efficient  D.C.  motor  was 
the  challenge  that  led  Pioneer  to  develop  the  Pincor  BX 
series.  Today  Pincor  BX  motors  flow  from  our  plant  in  a 
steady  stream  to  the  producers  of  aircraft  and  radio  equip' 
ment  for  the  armed  services^ 

Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  aircraft  and  radio  manufacturers  that  demand 
light  weight,  compact  motors  for  efficient  and  dependable 
application.  Pincor  BX  motors  are  direct  drive,  ball  bearing, 
high  speed  units  wound  for  continuous  or  intermittent  duty. 
Shunt,  series  or  split  series  windings  are  for  operation  on 
12  to  24  volt  battery  systems  currently  used  and  may  be 
easily  modified  to  meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality'proven  motors 
in  the  BX  series.  Send  your  problem  to  Pioneer  engineers 
and  let  them  put  their  years  of  experience  to  work  for  you. 
Consultation  with  these  men  will  not  obligate  you  in  the  least. 


region,  where  me 
sodium  cell  is  bad.  This  last  defect 
often  required  two  cells  (of  differ¬ 
ing  color  response)  when  continu¬ 
ous  measurements  had  to  be  made 
from  the  ultra  violet  to  the  red  end 
of  the  spectrum. 

Radio  Relay  Services.  The  latest 
figure  for  radio  relay  service  sub- 
England  is  661,703 


DYNAMOTORS  •  CONVERTERS 
GENERATORS 

POWER  PLANTS  •  GEN-E-MOTORS 


scribers  in 
and  it  is  interesting  to  note  that 
during  the  last  three  months  of 
1944,  when  we  had  flying  bombs, 


rockets,  and  what  you  will,  the  total 
increased  by  24,000. 
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LAMP 


A-C  LINE 


age  has  a  resistance  of  about  70 
ohms;  any  slight  discrepancy  is 
compensated  by  the  point  of  attach¬ 
ment  to  the  coupling  circuit. 

If  a  photoelectric  cell  PE  is  placed 
in  the  path  of  light  from  the  lamp, 
a  direct  current  will  be  generated 
by  the  photocell  which  can  be  meas¬ 
ured  by  a  microammeter.  The 
amount  of  current  given  by  PE  is 
dependent  on  the  quantity  of  light 
produced  by  the  lamp,  which  in 
turn  is  a  function  of  the  magni¬ 
tude  of  r-f  flowing  through  it.  By 
calibrating  the  microammeter  it  is 


A  piece  of  Bakelite  tubing  with 
an  inside  diameter  sufflcient  to  ac¬ 
commodate  the  lamp  is  cut  to 
proper  length.  A  series  of  small 
holes  is  drilled  in  the  tubing  to 
provide  ventilation.  A  hood  over 
the  holes  prevents  entrance  of  ex¬ 
traneous  light.  The  photocell  is 
mounted  at  the  other  end  of  the 
tubing  and  bypassed  for  r-f  as 
shown  in  Fig.  1.  The  length  of 
leads  going  to  the  microammeter  is 
of  no  relative  importance ;  the  leads, 
preferably,  should  be  shielded.  By¬ 
passing  the  meter  is  also  desirable 


Fig.  3 — 100-mc  transmitter  with  photo¬ 
electric  equipment  built  in  for  meosw- 
ing  the  power  output 
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Fig.  2 — Circuit  ior  calibrating  the  lamp 
from  an  o-c  line.  If  the  lamp  is  re¬ 
placed,  recalibration  is  necessary 


turbing  the  position  of  it  in  regard 
to  the  photocell,  connect  the  low- 
frequency  a-c.  Adjust  the  voltage 
with  the  autotransformer  and  read 
the  microammeter.  Plot  the  wattage 
input  to  the  lamp  versus  meter 
reading.  Should  the  pointer  go  off 


to  prevent  burn-out  due  to  stray  r-f 
•  current.  The  meter  shunt  R  may  or 
may  not  be  necessary,  although  it 
is  a  precaution  to  include  it. 

The  bulb  is  debased  to  cut  down 
capacitance  and  the  cement  and  in¬ 
sulation  removed  between  the  cen¬ 
ter  contact  and  outside  contact 


Fig.  1 — ^Photoelectric  method  of  measuring  r-f  power  ot  100  megacycles 


Power  Measurements  at  Very  High  Frequencies 


By  William  Maron 

Senior  Radio  Engineer 
North  American  Philips  Co. 
Dobbs  Ferry,  New  York 


THIS  PAPER  DESCRIBES  a  means  for 
measuring  r-f  power  between  20 
and  40  watts  at  100  megacycles. 

Figure  1  shows  a  single-ended 
class  C  amplifier  stage,  using  long 
lines.  The  antenna  coupling  cir¬ 
cuit,  consisting  of  L,  and  C,  is  de¬ 
signed  to  match  a  70-ohm  coaxial 
line  to  feed  the  antenna.  The  load 
should,  therefore,  be  in  the  vicinity 
of  about  70  ohms.  A  60-watt,  110- 
volt  lamp  operated  below  full  watt- 


possible  to  find  the  amount  of  r-f 
power  produced  by  the  amplifier. 

Construction  Details 

As  some  photoelectric  cells  are 
damaged  if  subject  to  temperatures 
above  120  F,  it  is  advisable  to  sep¬ 
arate  the  cell  from  the  lamp  by  at 
least  twelve  inches.  This  is  partic¬ 
ularly  important  if  measurements 
are  to  be  made  over  an  extended 
length  of  time. 


TUBES  AT  WORK 


Calibration 

Figure  2  illustrates  a  calibration 
circuit  for  lighting  the  lamp  from 
the  a-c  line.  The  meters  are  used 
for  computing  the  power  input  to 
the  bulb ;  a  wattmeter  may  be  used 
if  available. 

To  calibrate,  remove  one  leg  of 
the  bulb  from  L,  and,  without  dis- 


Power  Measurements  at  Very  High  Frequencies 

Recorded  Sound  Waves  Locate  Bomb  Hits . 

Stabilized  Pulse  Circuit . 

Post  War  Receivers . 


meets  special  applications 

saves  time  .  .  .  saves  tooling  .  .  .  speeds  dellveryl 


If  your  application  requires  a  specially  designed  relay 
Guardian  engineers  can  be  of  great  help  to  you.  But,  as 
a  result  of  their  wide  experience  in  designing  "specials"  they 
have  evolved  a  standard  design  so  flexible  that  it  is  now  speci¬ 
fied  in  numerous  applications  that  would  ordinarily  require  a 
specially  designed  unit.  Perhaps  you  can  use  it  in  your  "special" 
application  . . .  with  a  saving  in  money  and  delivery  time.  This 
unusually  flexible  relay  is  the  SERIES  345.  Its  chief  features  are 
the  large  coil  winding  area,  numerous  contact  combinations,  the 
non-binding  pin  type  armature  hinge  pin,  its  resistance  to  shock 
and  vibration,  and  an  ability  to  operate  in  extremes  of  temper¬ 
ature.  It  is  now  being  used  in  aircraft,  radio,  and  other  exact¬ 


ing  applications  to  insure  dependable  performance. 
STANDARD  SERIES  345 — The  ample  coil  winding  area  of 
the  SERIES  345  gives  you  a  wide  range  of  windings  for  various 
voltages  and  currents.  Coil  winding  area  is  approximately  .75 
cubic  inches.  Average  power  required  is  3.56  watts  with  three 
pole,  double  throw  contacts  of  12 '>6  amp.  capacity.  Coils  are 
available  for  either  A.C.  or  D.C.  operation. 

The  maximum  switch  capacity  of  the  Standard  Series  345  is 
three  pole,  double  throw.  Contacts  are  rated  at  12V^  amperes 
at  110  volts,  60  cycles,  non-inductive  A.C.  Moving  contacts  are 
attached  to  but  insulated  from  the  armature  by  a  bakelite 
plate.  Terminals  are  solder  lugs.  Weight  is  6V2  ounces. 


VARIATIONS  OF  THE  SERIES  345  RELAY 


WINDING — Multi-wound  coils  are  avail- 
■  able  for  operation  on  two  or  more  circuits. 

I  Or  coil  may  be  wound  to  operate  on  the 
'  discharge  of  a  3  mfd.  condenser. 

^  CONTACTS — Normal  switch  capacity  is 
^  three  pole,  double  throw;  maximum  switch 
TIME  DELAY  capacity  may  be  up  to  six  pole  double 
throw  with  1 2  Vi  amp.  contacts,  or  any  vari¬ 
ation  of  contact  combinations  within  this  range, 
including  the  operation  of  contacts  in  sequence. 

The  flexibility  of  the  contact  springs  may  be 
increased  through  the  use  of  coil  spring  rivets. 

TIME  DELAY — On  D.C.  coils  a  time  delay  of 
0.25  seconds  on  release  or  0.06  second  on 
attract  may  be  achieved  through  the  use  of 
copper  slugs  which  require  these  time  intervals 

for  saturation  or  de-energizing  depending  on  INTERLOCKING  unit 

whether  they  are  used  on  the  heel  or  head  of 
the  coil. 

dust  cover  — For  applications  where  this  relay  may  be 
subject  to  injury  or  in  atmosphere  where  dust  may  be  present 
in  sufficient  quantity  to  impede  operation,  the  SERIES  345  may 
be  equipped  with  a  metal  dustproof  cover. 

SCREW  TERMINALS  —  Screw  type  terminals  are  optional 
for  applications  where  terminals  must  be  disconnected  occa 


sionally  or  where  solder  lug  terminals  are 
not  otherwise  practical. 

INTERLOCKING:  Here  the  series  340  a< 

relay  is  coupled  with  the  d-c  coil  of  a 

series  405  short  telephone  type  relay  in  an 

overload  application.  Under  normal  condi- 

tions  the  series  340  cantacts  are  mechan-  DUST  COVER 

ically  held  in  a  closed  position.  Normal 

current  flows  through  the  series  405  coil  and 

§then  through  the  series  340  contacts  to  the 
circuit  for  which  overload  protection  is  de¬ 
sired.  Excessive  current,  however,  energizes  the 
series  405  coil,  releasing  the  locking  arrange¬ 
ment  and  breaking  the  series  340  contacts. 
Push  button  control  resets  to  normal  but  is 
ineffective  if  current  is  still  excessive. 


Minimum  operating  wattage. 


tf  yov  w/M  writ*  u$  about  your  roiay  problomi  our  onginoort  will  bo  glad  to  enako  rmcommoodatiom 
wkkb  may  tavo  you  timo  and  ntonoy.  Should  you  dotiro  a  quotation,  ploo$o  montion  quantity. 


GUARDI  AN^  ELECTRIC 
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Normal 

Volts 

Minimum 

Volts 

Normal 

M.A. 

Minimum 

M.A. 

Coil 

Resist. 

Normal 

Wattage 

6 

4.8 

600 

480 

10 

3.56 

12 

9.8 

300 

245 

40 

3.56 

24 

18 

148 

111 

162 

3.56 

32 

25.6 

112 

89 

287 

3  56 

115 

92 

31 

25 

3720 

3.56 
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CORPORATION  OF  AMERICA 


R-F  MEASUREMENTS 


scale  before  the  maximum  wattage 
range  is  reached,  then  R  is  adjusted 
to  keep  the  meter  on  scale. 

The  calibration  obtained  holds 
only  for  each  individual  lamp  and 
distance  between  the  lamp  and  the 
photocell.  Any  change  makes  re¬ 
calibration  necessary.  Figure  4  is 
a  typical  calibration  chart  obtained 
with  the  unit  in  the  transmitter 
illustrated  in  Fig.  3. 

After  calibration  has  been  com¬ 
pleted,  reconnect  the  lamp  to  L,. 
The  transmitter  is  turned  on  and 
L,  coupled  to  Lt  so  as  to  make  the 


TO  YOUR  SPECIFICATION 


WATTS 


Insuline  is  equipped  to  make  anything  from 
a  lug  to  a  huge  transmitting  cabinet  accord¬ 
ing  to  your  specifications.  All  materials  — 
steel,  aluminum,  brass,  copper,  etc.,  —  are 
on  hand;  and  the  following  facilities  for 
producing  the  complete  job,  from  begin¬ 
ning  to  end,  are  available : 

A  complete  tool  and  die  shop;  automatic 
and  hand-screw  machines;  engraving,  coil¬ 
winding,  milling,  and  grinding  machines; 
power  shears;  power  brakes;  punch  presses; 
automatic  welding  machines;  spray 
booths;  baking  ovens;  plating  tanks,  etc., 
plus  an  entire  floor  devoted  to  machine 
and  hand  assembly. 

In  addition,  our  competent  engineering 
staff  and  a  modern  experimental  labora¬ 
tory  are  always  available  to  help  you  with 
your  production  problems. 


Fig.  4 — Typical  calibration  chart  ob¬ 
tained  by  use  oi  the  circuit  shown  in 
Fig.  2 


tube  draw  normal  plate  current. 
The  plate  tank  is  repeatedly  re¬ 
tuned  for  minimum  plate  current 
while  C  is  being  adjusted  for  maxi¬ 
mum  plate  current.  The  connec¬ 
tions  from  the  lamp  to  L,  should  be 
tried  in  several  places  for  correct 
impedance  match.  The  proper  place 
is  where  the  meter  indicates  maxi¬ 
mum  for  the  required  input  to  the 
tube. 

Once  the  proper  connections  of 
the  lamp  to  L,  and  the  correct  rela¬ 
tionship  between  Li  and  Lo  has  been 
established,  L,  should  be  fixed  in 
position.  To  determine  the  r-f 
power,  observe  the  meter  reading 
and  refer  to  the  calibration  chart. 


Recorded  Sound  Waves 
Locate  Bomb  Hits 

A  SONiq  METHOD  of  scoring  practice 
bomb  hits  has  been  used  at  Midland 
Army  Air  Field  in  Texas,  the  AAF 
central  school  for  bombing.  The 
system  involves  recording  the  sound 
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Originators  of  Shear  Type  Bonded  Rubber  Mountings 


The  science  of  vibration  control  has  not  been  behind 
^other  sciences  in  the  advances  it  has  made  under  the 
spur  of  urg^ency  to  win  the  war.  Lord  Bonded  Rubber 
Mountings  solved  vibration  problems  on  practically 
every  vehicle  of  war  that  sailed  the  skies,  traveled  on 
land  or  water,  or  bored  the  dark  caves  of  the  ocean. 

All  that  Lord  has  learned  in  a  generation  of 
pioneering  the  field  of  vibration  control,  through  peace 
and  war,  is  at  the  disposal  of  manufacturers,  design 
engineers,  and  operation  managers,  in  this  new  age  of 
faster^ transport  in  a  travehminded  world. 


Lord  Vibration  Control  increases  effective  power 
through  improved  transmission;  it  prolongs  the  life  of 
engines  and  auxiliary  equipment.  It  safeguards  delicate 
instruments  upon  whose  functioning  safety  depends. 
It  promotes  the  comfort  and  efficiency  of  operators, 
the  relaxation  and  enjoyment  of  passengers. 

We  have  a  Lord  Mounting  to  solve  your  vibra*! 
tion  problem,  or  we'll  make  one.  Lord  engineers  are  at 
your  service.  Keep  up  to  date  on  vibration  control;  let. 
us  add  your  name  to  our  mailing  list. 


Lord  Mountings  for  Faster— Smoother-Quieter  Travel 
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MANUAL  AND  MAGNETIC  ELECTRIC  CONTROLS  — FOR 
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FIG.  1 — ^Vlew  of  target  area  ai  •••» 
from  the  edr  by  the  bombardier 


nal  from  the  geophone  trips  the  re¬ 
corder  so  that  it  can  operate  for  on* 
to  one  and  a  half  seconds  and  thei 
shut  itself  off  by  means  of  an  elec¬ 
tronic  control.  Eight  geophones  art 
used;  one  between  each  microphont 
and  one  adjacent  to  each  micro¬ 
phone. 

Figure  1  shows  a  view  of  the 
target  as  seen  by  the  bombardier. 
The  puff  of  black  smoke  comes  froo 
a  bomb  planted  in  the  lower 
quadrant  of  the  target  circle,  Fi?' 
ure  2  shows  the  sound  waves  regia* 
tered  on  the  sonic  scoring  tap*- 
The  top  trace  in  the  illnstratio® 
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^  R-B-M  announces  a  new  and  improved  design  of  magnetic  relays 
rated  10  amperes  at  24  volts  D.  C.  and  110  volts  A.  C.  and  5  amperes  at 
220  A.C.  Relays  rated  at  one  horse  power  single  phase  110  and  220 
volts  A.C.  Silver  to  silver  contacts.  Self-aligning  armature.  All  wiring 
terminals  accessible  from  front.  Contact  arrangement — single  and  double 
pole;  normally  open,  normally  closed  and  double  throw.  Steel  mount¬ 
ing  with  A.C.  and  D.C.  relay  mounting  dimensions  interchangeable. 
Available  in  open  type  or  with  sheet  steel  general  purpose  enclosure. 
Bulletin  510  on  D.  C.  relays  and  Bulletin  560  on  A.  C.  relays  available 
upon  request.  Write  Department  A- 10 ... 


R-B-M  Manufacturing  Company 


'Division  of 

Essex  Wire  Corporation 

Logansport,  Indiana 


rrrn^Bfrmn 


PATENT  APPLIED  FOR 


FOR  HI-VOLTAGE  TELEVISION 

SUPER  KILOVOLT 

CAPACITOR 

MADE  ONLY  BY  JEFFERS 

Again  Jeffers  leads  the  field  with  its 
introduction  of  the  Super  Kilovolt  Ca¬ 
pacitor.  Developed  in  cooperation  with 
one  of  the  nation's  leading  television 
monufacturers,  the  Jeffers  Super  Kilo¬ 
volt  Capacitor  provides  a  dependable 
solution  to  the  need  for  compact,  ce¬ 
ramic  capacitors  for  installation  in  tele¬ 
visor  circuits.  The  Jeffers  Super  Kilovolt 
Capacitor  is  tested  at  16,000  volts  DC 
and  is  designed  to  operate  up  to  8000 
volts  DC.  Available  in  capacities  from 
10  to  1500  mmf.  Contacts  secured  by 
metal  to  ceramic  bond,  insulated  with 
Melmac.  Write  today  on  your  company 
letterhead  outlining  your  problems  or 
requirements.  A  Jeffers  representative 
'vill  call  to  discuss  them  with  you. 

The  standard  line  of  Jeffers  s 

L  capacitors,  resistors  and  chokes  r 
is  shown  in  the  center  “J"  panel.  ' 


1.  Lead— lyz”  2.  Ceramic  Body 

3.  Silvered  Surface  'A.  Soldered  Connection 
5.  Insulated  Protective  Covering 

WHERE  SPACE  IS  A  PROBLEM 

THE  SMALLEST 
INSULATED  CERAMIC 


CAPACITOR 
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III 
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MADE  ONLY  BY  JEFFERS 


Another  and  interesting  Jeffers  innova¬ 
tion  is  the  ceramic  capacitor  Type  JC1- 
A1 .  This  is  the  smallest  insulated  capac¬ 
itor  unit  to  be  found  in  the  entire 
industry  and  provides  a  dependable 
answer  where  space  limitatians  are  a 
problem.  The  Jeffers  ceramic  JC1-A1  is 
made  in  a  range  of  capacities  from  1 
to  25  mmf  when  our  material  N750  is 
utilized  and  up  to  400  mmf  where  high 
dielectric  constant  material  is  employ¬ 
ed.  Like  all  units  in  the  Jeffers  line,  it  is 
produced  to  high  accuracy  standards. 
Write  on  your  letterhead  today  stating 
your  problems  or  requirements  and  a 
Jeffers  representative  will  call  to  discuss 
them  with  you. 

Send  for  FREE  Jeffers  catalog  covering 
the  full  line  of  capacitors,  resistors  and 
chokes  and  including  information  on 
special  windings  for  resistor  units. 


JEFFERS 

/  DU  BOIS,  PENNSYLVANIA 


'TR0N'«  I  Electronics - 


October  194S 


At  the  Army  Air  Forces  ConTol**^ 
Hospital,  at  Fort  Logan,  Colorc^ 
erons  build  and  repair 
ceiTers  and  the  90  standard 
sets.  A  course  in  theory  is  also 
at  the  hospital 
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shows  the  sound  waves  were  fiii 
picked  up  by  the  microphone  in  tL?| 
lower  left  quadrant.  The  othfl 
traces  show  that  the  sound  wavj 
next  hit  the  microphone  at  upp-l 
left,  then  lower  right,  and  ui 
right  respectively.  Measurement 
the  space  between  peaks  on  the  tap| 
permits  the  scorers  to  detern 


firlectncal  manufacturers  with  an  eye 
to  sales  leadership  know  the  value  of 
proper  insulation.  That's  why  on  post¬ 
war  products  most  likely  to  succeed, 
specifications  call  for  INSL-X  coatings. 
INSL-X  Research  Leadership  is  your 
guarantee  of  Qualify,  Service  and 
Dependability, 


Informative  Literature  Upon  Request 


THE  INSL-X  COMPANY  INC. 


857  MEEKER  AVE..  BROOKLYN  Jl,  N.  Y. 


SONIC  LOCATOR 


{contin.s: 


POSTWAR  PRODUCT 


FIG.  2 — The  pertinent  portioni  oi  tht 
recording  tape  are  the  traces  recorded 
from  the  four  microphones,  at  left,  and 
the  clock  face  showing  the  time  oi 
impact 


how  accurately  each  practice  bun 
was  dropped.  A  direct  hit  on  tN 
target  center  would  show  four  pfea'> 
that  coincided  vertically  on  the  tap: 

Individual  bomb  hits  are  idem 
fied  by  a  clock  face  which  is  auU: 
matically  photographed  at  t! . 
time  of  recording.  This  is  compare^ 
to  the  bombardier’s  record  of 
time  of  bomb  impact  to  the  neare  | 
second  to  distinguish  his  relea 
from  that  of  other  bombardici  | 
The  circular  area  accurately  it| 
corded  has  a  radius  of  about  10C|| 
feet.  Bombs  are  seldom  dropp^il 
outside  that  area. 

At  Midland,  the  system  was  d 
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PRESS 
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This  compact  2500  watt,  remote -control,  air-cooled,  radio  transmitter  is 
engineered  to  the  same  precision  standards  that  characterize  all  Press  Wireless 
communication  equipment.  Operating  frequencies  from  2.5  to  23  mega¬ 
cycles  are  available  for  radio-telegraph,  radio -teleprinter,  radio -photos 
and  facsimile. 

Amplitude  ON-OFF  keying  speeds  to  150  w.p.m.  may  be  employed.  A  Fre¬ 
quency  Shift  Unit  built  into  the  transmitter  permits  the  important  advantages 
of  high-speed  frequency  shift  keying. 

Radio  transmitter  PW-981-A  combines  simplicity  of  operation  with  care¬ 
fully  integrated  design  to  occupy  a  floor  space  less  than  one  square  yard. 
The  unit  operates  from  a  3-phase,  220/230  volt,  50/60  cycle,  8 -kilowatt 
power  source. 


i 


Write  for  free  engineering  bulletin. 


PRESS  WIRELESS, INC 

E-ecL' ve  ana  Se  es  Ctt  cc  1475  BROADWAY,  NEW  YORK  18 


" ^  -  Aworded  to  our  Hicktvillp 

^  ;  c.  ■*  ^  I  I  plont  for  oulvtondin 
xavy\  achievement  in  war  p-o 


PARIS  •  BUENOS  AIRES  •  RIO  DE  JANIERO  •  MONTEVIOEO  •  MANILA  •  BERNE  •  SANTIAGO  OE  CHILE  •  NEW  YORK  •  CHICAGO  •  LOS  ANGELES  ■  LONDON  ■  HAVANA 
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THE  COMCO  LINE  IS 


SONIC  LOCATOR 


(continued) 


Engineered  for  Long  Years 
of  Dependable  Performance 


Painstakingly  design* 
ed  and  built  by  sea¬ 
soned  engineers  and 
skilled  craftsmen  in 
limited  volume, 
COMCO  Electronic 
Equipment,  in  every 
way,  measures  up  to 
highest  custom  stand¬ 
ards.  Easy  to  service, 
COMCO  guarantees 
you  long  years  of  de¬ 
pendable  performance 
under  all  climatic  and 
working  conditions. 


COMCO  TRANSMITTER  Model  170 

Reliable  VHF,  50  wans  output.  Frequency 
range  100  to  165  Me.  Cabinet  size:  Width 
23';  depth  18';  height  48';  COMCO  Model 
127AA  Transmitter  also  available  for  oper¬ 
ation  on  a  frequency  range  of  200  to  550  kc. 


COMCO  RECEIVER  Model  132 

Compact  VHF  crystal  controlled,  fixed  fre¬ 
quency,  superheterodyne.  Single  channel  re¬ 
ception;  5V^-inch  relay  rack  panel  mounting. 
12  tubes.  Frequency  range  100  to  165  Me. 
Medium  and  low  frequency  receivers  also 
available. 


WRITE  \Jmst  a  note  on  your  company  letterhead  outlining  your  exact  requirements.  We’ll  give 
you  the  benefit  etf  our  specialized  experience.  We  can  supply  a  wide  variety  of  customized 
equipment  on  priority  NOW.  We  are  accepting  non-priority  orders  for  post-war  delivery. 


MANUFACTURERS  OF  RADIO 


COMM  UN  ICATiONS  COM  PANY 


&  ELECTRONIC  EQUIPMENT 


veloped  under  the  direction  of 
Major  Edward  McKaba  of  the  spe¬ 
cial  projects  section.  At  first,  ex¬ 
periments  were  made  with  the  seis¬ 
mograph  ic  equipment  borrowed 
from  a  nearby  oil  company.  Re¬ 
cording  bomb  hits  with  these  geo¬ 
phones  was  found  impractical.  For 
one  thing,  different  types  of  soil  and 
different  amounts  of  moisture  in  the 
soil  caused  variations  in  the  velocity 
of  the  ground  tremors.  Another  ob^ 
Stacie  with  the  geophones  was  that 
the  recorder  had  to  run  constantly 
during  the  entire  bombing  period. 


Stabilize«l  Pulse  Circuit 

A  SIMPLE  AND  USEFUL  pulse  circuit 
which  it  is  claimed  produces  stable 
output  pulses  that  are  independent 
of  tube  or  anode  voltage  changes  is 
shown  in  the  diagram. 

Tube  VT-2  is  made  to  conduct 
by  pulses  applied  between  points  A 
and  B  and  generates  its  output 
pulse  across  the  impedance  Z.  The 
cathode  resistor  introduces  neg¬ 
ative  feedback  and  stabilizes  the 
anode  current  of  tube  VT-2  for  any 
applied  grid  voltage,  rendering  the 
amplitude  of  the  output  pulses  less 
sensitive  to  changes  of  tube  or 


CORAl!  GABLES  34,  FLORIDA 


Pulses  of  constant  amplitude  ore 
produced  by  this  circuit 

anode  voltage.  As  negative  feed¬ 
back  is  used  in  the  setup,  the  pulses 
applied  between  A  and  B  will  need 
to  be  larger  than  usual. 

Tube  VT-1  acts  in  conjunction 
with  capacitor  (7,  and  resistor  B*  to 
form  a  peak  wave  rectifier  and  op- 
eraters  to  adjust  the  bias  on  tube 
VT-2  so  that  the  peaks  of  the  in¬ 
coming  pulses  always  reach  the 
same  voltage  and  cause  VT-2  to 
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No  Margin  for  Error  '  in  PORTER  operations 


When  you  require  sheet  metal  work  —  in  any 
metal  —  and  PRECISION  to  close  tolerances  is 
a  must .  .  .  Porter  has  the  experience  and  equip¬ 
ment  to  meet  your  needs  to  your  complete 
satisfaction. 

The  skilled  technicians  and  engineers  of  our 
thoroughly  modern  factory  stand  ready  to  help 
you  work  out  money-saving  and  time-saving 
changes  in  design.  Also,  our  large  stock  of  avail¬ 
able  dies  often  helps  speed  up  production  while 
reducing  manufacturing  costs. 

METAL  BOXES  *  CASES  *  CABINETS  * 
CHASSIS  *  ODD-SHAPED  FLAT  PIECES 
*  STRIPS  *  PANELS  *  HOUSINGS  *  ETC. 


PORTER 


METAL 

PRODUCTS 

COMPANY 


.A 
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PULSE  CIRCUIT 


(continued) 


RICHARDSON  COMPANY 


•  This  isn  t  an  unusual  statement  at 
all— not  when  you’re  talking  about 
punched  parts  made  of  Laminated 
INSUROK!  For  in  the  electrical  in¬ 
sulation  field  Richardson  precision 
plastics  have  long  been  favorite 
materials  . .  .  used  by  the  millions 
in  all  shapes,  sizes  and  thicknesses. 

This  outstanding  preference  is 
easy  to  understand,  for  Laminated 
INSUROK  is  an  easy-to-handle 
product  whose  physical  charaaer- 
istics  remain  commercially  uniform. 
It  can  be  drilled,  punched,  sawed, 
turned,  planed  or  milled  in  your 
own  shop — without  special  tools— 
or  Richardson  Plasticians  will  do 
it  for  you.  Write  today  for  the  full 
story  about  INSUROK.  .  .  .  lami¬ 
nated  and  molded. 


pass  the  same  anode  current.  The 
voltage  at  which  the  peaks  of  the 
applied  pulses  are  stabilized  can  be 
controlled  by  varying  the  values  of 
resistors  R,,  and  iJ.o.  These  deter- 
I  mine  the  bias  on  the  cathode  of 
^  VT-1.  Capacitor  Cn  is  merely  a  by¬ 
pass  across  resistor  i2io. 

'  A  variation  of  the  circuit  is  to 
!  replace  the  cathode  resistor  with 
I  a  constant  resistance  in  the  form 
I  of  a  delay  network  terminated  with 
'  a  matched  resistance  so  that  fur¬ 
ther  pulses  can  be  developed  from 
I  the  cathode. 

j  In  the  schematic,  tube  VT-2  is 
shown  as  a  triode  but  if  the  anode 
'  load  presents  a  high  impedance  it 
'  may  be  advantageous  to  use  a 
.  pentode.  The  circuit  was  developed 
in  the  E.M.I.  Laboratories,  England. 

•  •  • 

Post  War  Receivers 

By  John  H.  Jupe, 

London  Correspondent 

The  design  of  postwar  domestic 
radio  receivers  is  giving  our  manu¬ 
facturers  headaches,  as  none  of 
.  them  are  sure  of  what  the  public 
^  w’ants.  In  the  industry  there  is  fair 
support  for  the  abandoning  of  frills, 
j  e.g.  magic  eyes,  and  to  reduce  the 
'  number  of  knobs  to  a  minimum, 
j  Personally,  I  have  never  seen  the 
!  slightest  justification  for  tuning  in- 
j  dicators  except  as  catch-eye  adver- 
I  tising  stunts.  Most  people  listen  to 
i  comparatively  near  and  powerful 
i  transmitters  and  the  sideband 
I  swish  enables  one  to  tune  quite  well 
'  without  fancy  devices.  Even  the 
I  persistent  mistuners  of  superhets, 
j  chiefiy  women,  seldom  bother  to  use 
a  magic  eye  if  one  is  present. 

Pushbutton  tuning  seems  to  be 
an  answer  to  both  the  mistuning 
and  simplified  control  problems  and 
I  think  it  may  be  used  in  all  except 
the  cheapest  sets.  My  main  hope  in 
this  field  is  that  the  pushbutton  me¬ 
chanisms  will  be  better  mechanical 
jobs. 

At  a  recent  I.E.E.  discussion  an 
important  speaker  pointed  out  that 
j  more  attention  ought  to  be  paid  to 
the  low-frequency  end  of  the  audio 
I  response  band  and  not  so  much  to 
I  the  high  end.  This,  sadly  enough 
'  has  a  bitter  taste  attached  to  it 
since  any  British  radio  dealer  wiD 

I 
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If  your  product  requires 
electrical  wiring  — 

Ti/cne 

A  lower  cost  of  manufacturing  is  one 
of  many  advantages  Whitaker  offers 
you  through  our  engineered  wiring 
service.  We  are  wiring  specialists, 
cind  if  your  production  needs  include 
WIRING  HARNESSES  .  .  .  BONDING 
JUMPERS . . .  CABLE  ASSEMBLIES . . . 
CABLE  or  TERMINALS  —  you'll  find 
Whitaker  is  a  dependable  source  of 
supply ...  In  addition  to  an  engineered 
wiring  service,  Whitaker  also  offers  a 
quality  line  of  standard  cable  prod¬ 
ucts.  We  invite  you  to  write  and  ad¬ 
vise  us  of  your  needs. 

WHITAKER  CABLE  CORPORATION 

General  Offices;  1307  Burlington  Avenue,  Kansas  City  16,  Missouri 
Factories:  Kansas  CHy,  Mo. 'St.  Joseph,  Mo.  •Philadelphia 'Oakland 
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POST  WAR  RECEIVERS 


(continutd) 


■r. 


fLECTRtCCO. 

aNO ,  OHIO, 


patent  no. 


tell  you  that  it  is  easier  to  sell  a  set 
on  good  low-note  response  rather 
than  on  good  overall  response  or  at 
the  high  end.  One  told  me  that  a 
set  with  a  heavy,  thumping  bass 
and  no  high  notes  was  an  ideal  one 
from  the  sales  point  of  view,  al¬ 
though  he  admitted  that  there  has 
been  a  slight  improvement  in  pub¬ 
lic  taste,  poisoned  in  the  earlier 
days  of  radio  by  sets  made  to  sell 
at  a  maximum  profit  and  hang  the 
quality  of  reproduction. 

Miniature  components  I  cannot 
see  as  particularly  desirable  in  or¬ 
dinary  domestic  sets.  In  airborne, 
car  or  lightweight  portables  they 
may  have  something  in  their  favor 
but  the  irrational  craze  to  do  things 
in  miniature  has  always  afflicted 
human  beings  and  radio  engineers 
must  be  on  their  guard  against  it. 
The  Lord’s  Prayer  has  been  writ¬ 
ten  on  a  grain  of  rice  but  the  tech¬ 
nique  has  little  to  commend  it  in 
everyday  life  and  anyway,  as  L.  H. 
Bedford  of  Cossors  has  pointed  out, 
the  greatest  obstacle  in  the  way  of 
miniature  components  is  that  no¬ 
body  has  yet  invented  a  miniature 
watt. 


compactness 

wHh  ACRO  Switches 


*  Mechanism  of  the  patented  Aero  Rolling  m 
Spring  switch  lends  itself  to  adaptation  S 
in  various  shapes  to  fit  the  design  of  your  fl 
units.  Multiple  mountings — flat  or  vertical  '3- 
— ^nd  to  end,  or  side  by  side.  Small  case  ^ 
shapes — rectangular  or  curved.  Various  f 
types  of  brackets  for  flexibility  of  mounting, 
Actuation  pressure  as  low  as  two  grams  ^ 

(using  leaf  bracket)  or  as  high  as  1  Va  lbs.  m 

Surely  one  of  the  many  ACRO  Model  “M'*  m 

designs  should  fit  your  needs.  Send  your  I 

design  details  showing  space  dimensions  S 

and  operating  features  for  quicker  reply.  ^ 


Narrow-Band  Relay  System.  A 
simple  but  useful  idea  for  using 
limited-frequency-response  trans¬ 
mitters  for  the  relaying  of  high 
programs  is 


quality  broadcast 
brought  forward  in  the  June  1945 
issue  of  Wireless  World  by  W. 
Stockman,  editor  of  Popular  Radio, 
Stockholm. 

He  proposes  to  record  the  pro¬ 
gram  on  disks  or  tape  and  to  use 
this  canned  version,  running  at  sub¬ 
normal  speed,  to  modulate  the  trans¬ 
mitter.  The  audio  frequencies 
would  decrease  in  the  same  ratio  i 
as  the  speed  but  would  retain  the 
same  relative  strengths. 

Since  high  audio  frequencies 
would  be  absent  the  receiver  could 
have  limited  bandwidth  (actually 
it  could  be  reduced  in  the  same  ra¬ 
tio  as  the  speed)  and  the  overall 
noise  level  would  be  lower.  There 
would  also  be  a  reduction  in  8ele^ 
tive  fading. 

At  the  receiving  end  the  pro¬ 
gram  would  have  to  be  recorded  and 
then  reproduced  at  normal  sp^ 
Since  many  broadcasting  station* 
have  recording  gear  the  cost  of  us- 
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GOOD  NEWS  fOR  BROADCASTERS! 
I  REL  88-108  Megacyle  Band 

I  FM  BROADCASTING  TRANSMinERS  in  ASSEMBLY 
;  PLACE  YOUR  ORDER  NOW! 


These  REL  broadcasting  transmitters  con  now  be  ordered  ...  to  meet 
or  exceed  present  FCC  requirements.*  Entirely  new  . . .  with  important 
design  advancements  in  the  Armstrong  Modulator  .  .  .  providing 
simple,  stable  . . .  even  more  efficient  performance  than  ever  before  I 


Power  Output 
250  watt 
1000  watt 
3000  watt 


Cat.  No. 
549  ADL 

518  ADL 

519  ADL 


Note:  Future  REL  advertisements  will  give  you  information  regarding 
transmitters  of  higher  power.  Watch  for  theml 

Wire  or  write  today  for  technical  data,  prices  and  delivery  ...  or  better 
yet ...  do  os  other  broadcasters  have  already  done — send  your  order, 
subject  to  later  confirmation,  thus  assuring  early  delivery. 

*R£L  FM  Transmitters  are  guaranteed  to  meet  or  better  the  FCC 
standards  of  good  engineering  practice  lor  FM  Broadcast  stations. 


Michigan 

M.  N.  Duffy  S  Co.,  Inc. 
2(M  Grand  Rlvar  Ava.,  W. 
Datrolt,  Mich. 


SALES  REPRESENTATIVES 

Midwest 

REL  Equipment  Sales,  Inc. 
612  N.  Michigan  Blvd. 
Chicago,  III. 


Pacific  Coast 

Norman  B.  Neely  Enterprises 
7422  Melrose  Avenue 
Hollywood  46,  Cal. 


PIONEER  MANUFACTURERS  OF  FM  TRANSMIHERS  EMPLOYING  ARMSTRONG  PHASE-SHIFT  MODULATION  \ 
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with  Logarithmic  Scale 


RADIO  RELAY  SYSTEM 


ing  this  new  system  would  be  only 
the  cost  of  increased  transmission 
time. 

A  5:1  ratio  has  been  proposed; 
that  is,  a  program  which  would  nor¬ 
mally  be  handled  by  a  transmitter 
of  100-5000  cps  response  could  be 
handled  by  one  of  20-1000. 


Pkeeo»®*Y 

,e  .co'e' 


Television  Talk.  If  a  dozen  radio 
men  meet  over  here  nowadays  you 
can  be  pretty  sure  that  there  will 
be  at  least  twelve  theories  presented 
as  to  how  television  should  be  re¬ 
started  in  Britain.  Good  engi¬ 
neers  say  that  the  old  400-line 
system  should  be  revamped.  Other 
and  equally  good  engineers  say  that 
we  should  go  up  to  1000  lines  and 
100  Me  carrier  frequencies.  And 
how  are  we  going  to  distribute  the 
programs  from  central  points? 
Wave  guides — u-h-f  links — coaxial 
cables;  nobody  seems  to  have  any 
compelling  ideas  on  the  point. 

On  the  other  side  of  the  fence 
sits  the  man  who  is  going  to  buy  a 
set  and  install  it  at  his  fireside.  He 
has  been  told  a  lot  about  what  elec¬ 
tronics  has  done  during  the  war 
and  if  something  really  good  can¬ 
not  be  produced  fairly  quickly 
after  hostilities  cease  he  will  just 
sit  back  and  say,  “I’ll  wait  for  a  few 
years  until  sets  get  cheap  and  the 
results  are  worth  seeing’’.  In  fact 
a  lot  are  saying  that  already  and  if 
anything  is  going  to  kill  television 
stone-dead  it  is  that  kind  of  outlook. 


MO0CL  300 
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ACCESSORIES 

MOOa  220  DECAD2  AMPURER 
MODa  402  MULTIPUER 


Since  its  development  in  1935  the  Itallantine 
Electronic  AC  Voltmeter  is  the  only  instrument  of 
its  kind  with  a  Simplified  Logarithmic  Scale, 


Sensory  Electronics.  Two  groups 
who  could  well  benefit  from  the 
more  intensive  researches  of  elec- 
tronicists  are  the  deaf  and  the 
blind.  Deaf  aids  certainly  exist 
but  it  is  high  time  that  steps  were 
taken  to  redesign  them  and  to  re¬ 
duce  the  exorbitant  prices  which 
are  charged.  Similarly,  we  could 
do  much  more  to  make  talking  books 
accessible  to  the  blind.  The  Central 
Library  of  the  National  Institute 
for  the  Blind  in  Great  Britain  has 
only  464  books  recorded.  The  aver¬ 
age  number  of  disks  for  each  bo(A 
is  10.  They  are  doublesided  12  inch, 
with  200  grooves  to  the  inch  and 
playing  at  24  rpm. 

Transparent  Ultraviolet  Barrier. 
One  of  our  war-time  chemical  dis¬ 
covery  s  which  has  proved  very  use¬ 
ful  to  the  engineer  is  a  paint  which 
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The  important  feature  of  logarithmic  scale  in¬ 
dication  in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1  as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  common  with  most  multi¬ 
range  instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 


Write  for  descriptive 


technical  Bulletin  8 


at  is  the  Belden 
^NECT-A-CORD? 


CONNCCTO«  f  CONDUCTOR  h  RlUO 


Appliance  users 
want  this  new  advantage 

The  Belden  Connect-A-corD  is  a 
new  idea — but  already  surveys  show 
that  considerable  percentages  of 
electrical  appliance  users  want  its  ad- 
vantages.  No  mere  postwar  dream, 
the  Belden  Connect-A-corD  is  al¬ 
ready  engineered.  It  is  offered  now 
only  after  a  thorough  check  estab¬ 
lishing  a  customer  demand  for  it  on 
better  electrical  equipment. 


A  new  and  effective  sales  feature 
p^your  newly  designed  appliances 


Detachable  at  both  appliance  end  and  plug 
end,  Belden  Connect* A-corDs  are  something 
new  in  electrical  cords.  They  greatly  sim> 
plify  line  assembly,  packing,  and  product 
display,  and  they  add  still  another  effective 
sales  feature  to  your  newly  designed  electri¬ 
cal  appliances.  Available  in  matching  colors 
and  in  almost  any  length,  Connect-A-corDs 
are  completely  interchangeable — ending  the 
nuisances  of  too-short-to-reach  cords  and 
tangled  coils  of  extra  lengths. 

Connect-A-corDs  eliminate  dealer  cord 
repair  service  and,  like  all  other  Belden  elec¬ 
trical  cords,  offer  complete  freedom  from 
Corditis.  Also,  consistent  national  advertis¬ 
ing  pre-sells  Connect-A-corDs  to  your  cus¬ 
tomers.  Write  for  information  today. 

Belden  Manufacturing  Company 
4625  W.  Van  Buren  St.,  Chicago  44,  Ill. 


RpIcIpii 

H  H  Owogo,  Richmond.  Ind. 

^  Q  1^  ^  C 
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'Tru  Tolerance"  RESISTORS 

are  "Tops"  with  Manufacturers  of 
Instruments^  Radio,  Electronic  Equipment 


ULTRAVIOLET  lARRIER 


(cOflHlNMd) 


is  opaque  to  ultraviolet  light  but 
transparent  to  visible  light. 

The  problem  arose  in  connection 
with  instruments  on  the  control 
panels  of  aircraft,  where  u-v  light 
is  sometimes  used  to  render  scale 
markings  clearly  visible  to  the  pilot 

A  snag  arose,  however,  when  cer¬ 
tain  equipment  involved, the  pres¬ 
ence  of  a  cathode-ray  tube  on  the 
panel,  since  u-v  light  caused  the 
whole  of  the  phosphor  to  glow  and 
so  the  trace  was  effectively  obliter¬ 
ated. 

Research  showed  that  the  solu¬ 
tion  lay  in  spraying  the  end  glass 
of  the  c-r  tube  with  a  colorless 
nitro-cellulose  laquer  containing  a 
little  picric  acid.  This  effectively 
blocked  the  u-v  but  did  not  decrease 
the  visibility  of  the  tube  trace. 

Shipyard  Strain  Gages.  I  notice 
in  Shipbuilding  that  resistance 
strain  gages  have  been  used  in 
marine  boiler  investigations.  Wire 
0.001  in.  in  diameter  was  wound  on 
a  flat  form  and  bonded  in  the  usual 
manner  with  resin-impregnated 
paper.  A  particular  research  in¬ 
volved  the  strains  on  boiler  plates, 
the  experimental  method  being  to 
work  on  a  test  box  having  panels 
representative  of  those  in  the  com¬ 
bustion  chamber  of  a  boiler. 

Random  Radiations.  “The  power 
which  has  to  be  measured  (cross 
talk  between  carrier  channels)  may 
be  less  than  a  hundredth  of  a  mil¬ 
lionth  of  a  microwatt.  As  heat  en¬ 
ergy,  this  is  roughly  equal  to  that 
from  a  60  watt  lamp  falling  on  a 
collector  one  foot  square  at  a  dis¬ 
tance  of  4000  miles.” — W.  G.  Rad¬ 
ley.  (G.P.O.  Research  Station). 

Radioplanets  To  Order.  An  offi¬ 
cial  of  the  British  Interplanetary 
Society  has  brought  forward  an  in¬ 
teresting,  and  apparently  quite 
sound  proposal  based  on  the  tre¬ 
mendous  speed  of  the  Nazi  V-2 
weapon.  He  points  out  that  if  a 
rocket  could  be  given  a  velocity  of 
about  8  kilometers  per  second 
(about  3  times  that  of  V-2)  it  could 
be  sent  up  to  the  stratosphere  and 
would  circle  the  earth  forever,  as 
an  artificial  satellite. 

The  value  of  the  device  would  lie 
in  the  fact  that  it  could  carry  metfr 
orological  instruments  and  radio 
the  readings  back  to  earth  at  regu- 
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True  Tolerance  Precision  Resistors: 

Standard  tolerance  1%.  Special  tolerances 
down  to  0.10%  on  special  orders. 

Severe  Breokdown  Test 

for  every  uxiit.  Rejections  minimized  by 
special  winding  technique  which  prevents 
chafing  of  wire. 

Careful  Calibration 

and  precision  winding  keep  all  units  well 
with^  specified  tolerances. 

Send  us  your  requirements  on  special 
resistors  for  quotation. 


Non-Hygroscopic  Ceramic  Forms: 

High  insulating  value,  low  expansion 
coefficient,  high  mechanical  strenc^. 

Highest  Grade  Alloy  Wire: 

Especially  enameled  to  meet  most  rigid 
tests. 

Extra  Terminol  Protection: 

Lug  type  winding  leads  and  lug  embedded 
emd  molded  into  one  unit.  Lead  wire  type 
securely  anchored  in  grooves  with  winding 
wire  protected  so  as  to  prevent  possible 
breaking  in  handling. 


GET  THE  MEPCO  RESISTOR 
GUIDE.  IT'S  FREEI  Show*  all  Mapco 
standard  aixM  and  givas  compfata 
•data  as  to  alectiical  and  machanical 
chaxactaiistics. 


-MADISOHOeCTRICAl 
hODOCtS  CORPORATION 


Madison  Elsctric  Products  Carp. 
Madison  Naw  Jorsoy 


POSITION 


ADDRESS. 


STATE 
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Now,  as  before,  expect  quality  leadership 
in  Collins  broadcast  equipment 


The  New  Collins  AM  transmitters  and  remote 
amplifiers,  now  ready,  reflect  characteristically  advanced 
Collins  engineering. 

Notable  transmitter  refinements  include  extremely  high 
fidelity,  and  increased  safety  factors  through  the  use  of 
oversize  components  throughout. 

The  Collins  21 A  is  a  superb  5,000  watt  transmitter,  with 
reduced  power  operation  at  1,000  watts  also  available. 

Its  response  curve  is  flat,  within  db,  from  30  to 
10,000  cycles. 

The  Collins  20T  is  a  1,000  watt  transmitter,  of  similar 
characteristics,  equipped  for  reduced  power  operation 
at  500  watts  if  desired. 

The  Collins  300G  is  a  250  watter  of  equal  fidelity,  with 
reduced  power  operation  at  100  watts  available. 

The  Collins  12 Y  one  channel  remote  amplifier  is  light, 
handy,  simple  and  efficient.  It  is  for  unattended  operation 
from  a  115  volt  a.c.  power  source. 

The  Collins  12Z  four  channel  remote  amplifier  is  a.c.-d.c. 
powered,  the  d.c.  source  being  self-contained  batteries 
which  take  the  load  automatically  in  case  of  a.c.  line  failure. 

A  complete  line  of  Collins  high-quality  studio 
equipment  is  available  for  either  AM  or  FM  application. 

An  outstanding  broadcasting  station  begins  with 
outstanding  equipment.  We  will  be  glad  to  know  about 
your  plans  and  submit  complete  recommendations.  For 
additional  detailed  information,  write  the  Collins  Radio 
Company,  Cedar  Rapids,  Iowa;  11  West  42nd  Street, 

New  York  18,  N.  Y.  Collins  equipment  is  sold  in 
Canada  by  Collins-Fisher,  Ltd.,  Montreal. 


•  •FOR  BROADCAST  QUALITY,  IT’S... 
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OPEN  YOUR  EYES 

Look  at  the  time  you  waste  making 
smudges  and  trying  to  unmake  them 
...  on  tracing  paper.  Look  at  the  foggy 
reproduction.  Then  look  at  Arkwright 
Tracing  Cloths. 


A  CHOICE  THAT'S  WISE 

Arkwright  Tracing  Cloths 
have  the  surface  for 
clean  erasing  and  easy, 
clear  re-inking  .  .  .  and 
the  transparency  to  give 
sharp  reproduction. 


A  WAY  TO  ECONOMIZE 

It's  what  you  get  for  what  you 
pay  that  determines  cost.  In 
Arkwright  Tracing  Cloths  you 
get  time  saving,  quality  saving 
and  a  plus  .  .  .  durable  trans¬ 
parency.  Prove  it  by  writing 
today  for  free  samples. 
Arkwright  Finishing  Company, 
Providence,  Rhode  Island. 


Sold  by  loading  drawing 
matorial  doalors  ovorywhoro 


imi/CtOTHS 


RADtOPLANETS 
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lar  intervals.  Revolving  once  in  2l 
hours  it  would  be  within  optical 
range  of  half  the  earth’s  surfaa 
and  three  receiving  stations  120  de¬ 
grees  apart  would  be  sufficient  for 
receiving  the  data.  Batteries  would 
of  course,  only  have  a  limited  life 
but  it  is  suggested  that  photocells 
and  thermo-couples  could  1^  used  to 
switch  off  the  electrical  gear  for 
much  of  the  time  and  so  increase 
the  period  over  which  we  could  get 
results. 


Photo-Mechanical  Oscillators.  For 
medical  and  other  biological  re¬ 
search,  it  is  sometimes  required  to 
produce  oscillations  at  a  frequency 
below  10  cps  and  two  interesting 
pieces  of  equipment  for  producing 
these  were  described  in  Electronie 
Engineering  recently. 

The  first  was  simply  a  sectored 
disk  revolving  in  front  of  a  circular 
aperture  through  which  light 
passed  on  to  a  photocell.  With 
1-watt  bulb  and  a  rectifier-type 
cell  the  output  was  6  mv  at  fre¬ 
quencies  between  1  and  100  cps  with 
only  about  5  percent  odd  harmonics 
in  the  waveform. 

A  rather  more  complicated  ar¬ 
rangement  of  this  principle  enables 
waves  to  be  synthesized,  with  the 
phase  and  amplitude  of  harmonics 
up  to  the  tenth,  controllable  with 
respect  to  the  fundamental. 

Two  disks  are  used,  each  drilled 
with  five  rings  of  holes,  one  disk 
giving  the  fundamental,  3rd,  6th, 
7th  and  9th  harmonics  while  the 
other  has  spacings  to  give  the  2nd, 
4th,  6th,  8th  and  10th.  A  small 
photocell  is  mounted  opposite  each 
ring  and  each  cell  is  mounted  on  a 
lever,  so  that  it  can  be  rotated  about 
an  axis  in  line  with  the  disk  spin 
die.  This  allows  phase  adjustment 
Potentiometers  connected  across 
the  cells  give  amplitude  adjust¬ 
ment. 

A  variable-speed  phonograph  mo^ 
tor  is  used  for  driving  purposes 
a  carefully  prepared  stroboscopic 
disk,  used  in  conjunction  with  » 
neon  lamp,  allows  accurate 
quency  determination.  The  output 
of  the  apparatus  is  0.5  mv  in  the 
range  i-4  cps  and  owing  to  the  lo^ 

output  it  was  found  necessary  ^ 
screen  the  driving  motor  wits 
Mumetal. 
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SIMPLIFIES  SMALL  PART  ASSEMBLY 


SWIFTLY,  ACCURATELY,  WITH 
THIS  NEW  ELECTRONIC  TIMER 


Aluminum  and  copper  welding  gain  new 
accuracy  with  tiiis  Westinghouse  electronic  SP-18 
^•cycle  welder  control.  Heat  control  is  precise 
and  swift  over  a  stepless  range  of  4  to  400%  of 
normal  heat  available  with  full  cycle  timers. 
This  unit  is  admirably  suited  to  the  resistance 
welding  of  radio  tube  parts  and  sockets,  pig-tailed 
resistors  to  terminal  lugs,  watch  and  instrument 
pnrts,  electrical  relay  contact  tips,  toys  and 
amilar  small  parts. 

Welding  current  starts  at  exactly  the  same 
point  on  the  voltage  wave  on  every  operation. 
Damaging  transients  are  eliminated.  Rejects 
*re  reduced.  Welds  are  exact  duplicates.  The 
calibrated  heat-adjustment  dial  is  quickly  set  for 
operation  and  no  time  is  lost  setting  controls 
for  welding  precision  parts. 

Available  for  either  wall,  or  bench-mounting, 
ffre  one-shot  operations  of  the  Westinghouse 
SP-18  require  no  sequence  timer.  You  can  learn 
®ore  about  this  improved  electronic  welder 
control  from  your  nearest  Westinghouse  office. 

Write  Westinghouse  Electric  Corporation, 
P-O.  Box  868,  Pittsburgh  30,  Pa.  J-21319 
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The  improved,  simplified 
Westinghouse  SP-18  welder 
control  measures  only 
X  20"  X  12]/^".  Note  complete 
accessibility  of  interior  of  the 
unit  by  simply  imlocking 
hinged  panel.  The  control 
Thyratron  is  shown  on  the 
front  of  the  swinging  panel 
while  the  air-cooled  Ignitron 
is  mounted  directly  behind  it. 
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Conversion  from  Series  to  Parallel  Impedance 

By  Gesshon  J.  Wheeler 


Impedance  measurements  made  on 
r-f  bridges  are  usually  determined 
in  series  form  R  z*ijX,  but  in  many 
applications,  it  is  desirable  to  know 
the  equivalent  parallel  impedance; 
that  is,  that  value  of  resistance  and 
reactance  in  parallel  which  will 
have  an  impedance  equivalent  to 
that  measured  on  the  bridge.  The 
accompanying  graph  presents  a 
quick  method  for  determining  the 
equivalent  parallel  resistance  R, 
and  reactance  X,  when  the  series 
resistance  R,  and  reactance  X,  are 
known. 

To  determine  the  value  of  paral¬ 
lel  resistance,  enter  the  value  of 


series  resistance  on  the  horizontal 
axis  and  the  value  of  series  react¬ 
ance  on  the  vertical  axis.  The  num¬ 
ber  at  the  right-hand  end  of  the  arc 
at  which  these  coordinates  intersect 
is  the  value  of  the  parallel  resis¬ 
tance. 

To  determine  the  value  of  paral¬ 
lel  reactance,  enter  the  value  of 
series  reactance  on  the  horizontal 
axis  and  the  value  of  series  resis¬ 
tance  on  the  vertical  axis.  The  arc 
now  indicates  parallel  reactance. 

The  arc  indicates  the  parallel 
value  of  whichever  series  compon¬ 
ent  was  entered  on  the  horizontal 
axis.  The  units  may  be  ohms,  tens 
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Graph  for  conTerting  resistlTe  and  reactire  ■•ries-impedonce  components  into 
equiTolent  parallel-impedance  elements  is  constructed  from  drcles  the  locus  of  whose 
centers  ore  on  the  horixontal  oxis  of  o  rectangular  coordinate  system 


of  ohms,  megohms,  or  anything 
else,  but  must  remain  the  samt 
throughout. 

If  the  value  of  the  series  resis¬ 
tance  is  more  than  ten  times  or  lest 
than  one-tenth  the  series  reactance, 
the  graph  should  not  be  used.  In¬ 
stead,  the  following  relationships 
which  hold  within  one  percent  pro¬ 
duce  the  required  result  more 
quickly.  With  small  R„  R,  =  X*/R, 
and  X,  =  X,.  With  large  R„  R,  = 
R,  and  X,  =  R'/X,. 

Illustrations 

Example  I :  R,  is  42  ohms,  X,  is 
58  ohms.  Find  R,  and  X,.  The  num¬ 
bers  on  the  graph  will  be  used  to 
indicate  tens  of  ohms.  Enter  with 
4.2  on  the  horizontal  axis  and  5.8 
on  the  vertical.  These  coordinates 
intersect  just  above  the  arc  num¬ 
bered  12.  The  value  of  R,  is  about 
122  ohms.  Next  enter  with  5.8  on 
the  horizontal  axis  and  4.2  on  the 
vertical.  The  intersection  is  just 
below  the  arc  numbered  9.  The 
value  of  X,  is  about  89  ohms. 

Example  II :  R,  is  400  ohms,  X. 
is  70  ohms.  Find  R,  and  X^  Here, 
the  numbers  on  the  graph  must  in¬ 
dicate  hundreds  of  ohms.  Enter 
with  4  on  the  horizontal  axis  and 
0.7  on  the  vertical.  The  intersec¬ 
tion  indicates  that  R,  is  about  410 
ohms.  Enter  with  0.7  on  the  hori¬ 
zontal  axis  and  4  on  the  vertical. 
The  intersection  is  on  arc  28,  thus, 
Xp  is  2300  ohms. 

The  graph  may  be  used  for  either 
capacitive  or  inductive  reactance. 
The  parallel  reactance,  of  course, 
has  the  same  sign  as  the  series  re¬ 
actance. 

Two-Voltage  Regulated 
Power  Supply 

A  METHOD  of  obtaining  both  posi¬ 
tive  and  negative  regulated  power 
from  a  common  source  is  described 
in  Electronic  Engineering,  (43*44 
Shoe  Lane,  London,  E.C.  4)  for 
J  une  1945. 

A  simple  arrangement  utiliziD? 
a  conventional  regulator  circuit  i* 
shown  in  Fig.  1.  This  is  useful 
where  the  current  demand  on  both 
polarities  is  similar.  Regulat^ 
power  is  fed  to  terminals  A  and  d 
and  the  circuit  operates  as  a  vol^ 
age  divider.  When  terminal  E  i* 
grounded  positive  voltage  app®*” 
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RESISTORS  &  CHOKES 


The  unique  characteristics  of  these  Ohmite 
units  have  made  them  especially  suitable  for 
many  r.f.  applications.  Proved  by  use  before 
war  came  .  .  .  they  are  performing  vital 
functions  today  in  the  production  and  oper* 
ation  of  critical  equipment.  Tomorrow— 
they  will  be  more  popular  than  ever! 

GLASS-SEALED  NON-INDUCTIVE  DUMMY 
ANTENNA  RESISTORS— for  testing  and  measuring 
power  output  accurately.  100-watt  and  2  50-watt 
sizes  in  variety  of  resistances. 

R.  F.  PLATE  CHOKES— single-layer  wound  on  low 
power  factor  steatite  cores,  with  moisture-proof 
coating.  Built  to  carry  1000  M.A.  5  stock  sizes  from 
2'A  meters  to  160  meters. 

PARASITIC  SUPPRESSOR— small,  light,  compact 
non-inductive  resistor  and  choke,  designed  to 
prevent  u.h.f.  parasitic  oscillations. 

NON-INDUCTIVE  VITREOUS  ENAMELED  POWER-SIZE 
RESISTORS— Useful  in  wide  variety  of  radio 
frequency  applications.  50-watt,  100-watt  and 
160-watt  stock  sizes  in  many  resistances. 

Ohmite  Engineers  are  glad  to  assist  you  on  any  resistance’ 
control  problem. 

OHMITE  MANUFACTURING  CO. 

4816  FLOURNOY  STREET  •  CHICAGO  44,  U.  $.  A* 
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V^^TTS) 


KWI 


EAT 


across  terminals  D  and  E  and  nega¬ 
tive  voltage  across  terminals  E  and 
F.  Tubes  Vt  and  V”*  are  so  con¬ 
nected  that  the  potential  difference 
between  the  cathode  of  V,  and  ter¬ 
minal  B  will  remain  constant  at  a 
value  determined  by  the  bias  ap-i 
plied  between  terminals  B  and  C. 
By  a  suitable  choice  of  bias,  the 
output  voltage  between  terminals  E 
and  F  may  be  made  half  or  any 
other  desired  fraction  of  the  sup¬ 
ply  voltage. 

This  arrangement  has  certain 
limitations  in  that,  if  the  load 
across  terminals  D  and  E  is  in¬ 
creased  substantially,  the  voltage 


THERMOSTAT 


*  HEATS  IN  ONLY  90  SECONDS 

*  MAINTAINS  PROPER  HEAT 
it  CAN’T  OVERHEAT 

*  LESS  RETINNING  NEEDED  j 

*  TIPS  LAST  LONGER  ^ 

*  COOL,  SAFE  HANDLE  Mi 

*  LIGHTWEIGHT  Mi^ 


a  The  Kwikheat  Soldering  Iron 
has  ample  reserve  power  for 
our  soldering  jobs— 225  watts 
d  in  check  by  a  thermostat, 
right  into  the  iron* — main- 
\  ideal  temperature  for  perfect 
ig— preventing  overheating 
auses  deterioration  in  other 
donging  life  of  tips  and  elimi- 
!ed  for  constant  retinning.  Be* 
advantages,  the  Kwikheat  Iron 
ise  only  90  seconds  after  plug* 
mely  light  (14  ounces),  well* 

I  safe,  cool  handle.  No  wonder 
Kwikheat  is  a  sensation  wherever  it  is  used.  Ask  your 
jobber.  With  choice  of  ^0,  1,  2,  or  3  tips.  $11.00 
6  INTERCHANGEABLE  TIP  STYLES 


FIG.  1 — Simplified  drctiit  suitable  for 
applications  where  loads  ore  balanced 
and  essentially  constant 

at  E  will  tend  to  rise ;  this  action  is 
resisted  by  an  increase  in  the  plate 
to  cathode  resistance  of  V»,  Com¬ 
pensation  can  continue  only  to  the 
cut-off  point  of  Vt.  On  the  other 
hand,  if  the  load  across  terminals 
E  and  F  increases,  the  voltage  at  E 
can  be  maintained  only  up  to  the 
point  at  which  Vt  begins  to  sat¬ 
urate. 

If  large  variations  of  load  cu^ 
rent  are  likely  to  be  encountered, 


SPEED  VOUR  DIE  MAKING 

SAVE  MONEY  TOO 


WRITE  FOR 
ENGINEERING 
DATA  FOLDER 

It  contains  a  blue-print  show¬ 
ing  thirty-five  standard  sections 
available  for  quick  shipment, 
from  combinations  of  which 
thousands  of  die  shapes  can  be 
made.  It  also  contains  prices, 
weight  tables  and  shows  rib- 
reinforced  extra  high  sections 
with  full  instructions  for  order¬ 
ing.  Get  your  copy.  Write  for 
it  today. 

Address  Dept  E-35 


WfcD  9759- B 
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Fee  Composite  Die  Sections  are 
quickly  available  to  your  order. 
Shipment  to  your  specifications  can 
usually  be  made  in  five  to  ten  days. 

On  large  dies  or  small  for  blank¬ 
ing,  beading  or  trimming,  these 
prefabricated  die  parts  save  steel, 
and  a  vast  amount  of  time  and 
trouble  in  the  die  shop. 

They  are  made  of  fine  tool  steel 
cutting  edges  in  a  selection  of 
grades,  electrically  butt  welded  by 
a  special  process  to  non-hardenable 
mild  steel  bases.  Accurate  tempera¬ 
ture  control  assures  uniformity  of 
behavior  in  heat  treatment. 


Further  information  is  available 
from  any  Allegheny  Ludlum  field 
representative,  or  write  us  direct 
for  engineering  data  (see  details 
at  left). 


Af/etlfieny  LuAiMm 

STEEL  CORPORATION 

Forging  and  Casting  Division 
DITtOIT  20,  MICHIGAN 
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POWER  SUPPLY  (cortlnu^ 

the  circuit  of  Fig.  2  is  to  be  pr« 
ferred.  The  plate-to-cathode  resisi 
ance  of  V,  appears  across  termina 
E  and  F.  With  the  grid  of  ’W 
coupled  to  the  plate  of  V,,  the  plati 
to-cathode  resistance  of  F,  will  bi 
varied  in  the  opposite  sense  to  thal 
of  the  plate-to-cathode  resistance  d 
Fs,  permitting  greater  variation*  ii 
loads  before  the  characteristics  d 
F,  begin  to  limit  regulation.  i 


Square-Wave  Modulator  for 
Signal  Generator 

Design  details  and  construetiQi 
hints  on  apparatus  for  pulse-modo- 
lating  the  output  of  a  high-fre¬ 
quency  standard  signal  genenttw 
are  described  in  an  article  by  W.  R 
Piggott  in  Wireless  Engineer  (Dor¬ 
set  House, 


Stamford  St.  London 
S.  E.  1)  for  March  1945. 

The  equipment  consists  of  a  neu¬ 
tralized,  push-pull,  cathode-follower, 
electronic  switch  used  as  a  modula¬ 
tor,  and  a  simple  pulse  generator 
which  may  be  driven  by  power  from 
the  a-c  line  or  by  the  output  of  an 
audio  oscillator. 


With  government  restrictions  lifted  and 
essential  materials  again  available.  The 
Astatic  Corporation  is  back  on  peacetime 
production  .  .  .  better  located,  better 
equipped  and  better  manned  than  ever 
before,  to  do  a  grand  job.  The  lid  is  off! 
Astatic  Microphones,  Phonograph  Pick¬ 
ups  and  Crystal  Cartridges,  long  restrict¬ 
ed  to  military  requirements,  ore  now  go¬ 
ing  to  manufacturers  of  radio,  phono¬ 
graph  and  soimd  equipment,  as  well  as 
ports  jobber  outlets,  for  civilian  use.  The 
tempo  of  production  is  being  stepped  up 
daily.  Orders,  long  held  in  abeyance,  are 
being  filled  as  rapidly  as  possible  in  the 
order  in  which  they  were  received. 


The  modulator, 
shown  in  Fig.  1,  and  the  pulse  gen- 


signal 

GENERATOR 


FIG.  1— Pu*h-pull  cathode-follow*r  dx- 
cult  used  to  impress  pulse  modnlotioD 
on  output  ol  high-frequency  slqnd 
generator 


YouHl  HEAR  MORE  from  Astatic 


erator,  shown  in  Fig.  2,  are  dt 
signed  to  operate  as  a  unit  from » 
common  power  supply. 

Application  of  the  push-pull  cath¬ 
ode-follower  offers  several  distinct 
advantages  as  a  modulator;  In*' 
output  impedance,  approximately 
unity  stage  gain,  and  independence 
of' changes  in  tube  operating  c<»- 
ditions.  High-frequency  current « 
fed  to  the  grids  of  the  high  njs 
tubes  through  the  input  trans¬ 
former.  The  tubes  are  biased  to 
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CONNEAUT,  OHIO 

IN  CANADA:  CANADIAN  ASTATIC  LTD^  TORONTO,  ONTARIO 


ll/ 

FOR  THESE  MARKS  IN  CHEMISTRY  AND  PHYSICS 

This  recent  graduate  of  the  Formica  war-expanded  laboratories  has  passed 
the  following  tests  and  is  qualified  for  employment  in  many  old  and  new 
applications. 

It  is  made  with  melamine  resins  and  glass  fibre  base  and  conforms  to  Navy 
Grade  GMG. 

It  withstands  440  degrees  F  for  a  short  period,  and  390  degrees  continuously. 

Its  arc  resistance  reaches  a  new  level — by  ASTM  test  D  495-42  it  is  rated  at 
185  seconds. 

It  is  so  strong  it  con  take  structural  stresses  when  desirable.  Test  figures:  Ten¬ 
sile  strength  25,000  P.S.L;  Compressive  strength  (flatwise)  90,000  P.S.I.;  Modulus 
of  Elasticity  in  bending  3,000,000  P.S.I.;  Izod  impact,  12  ft.  lbs.  per  inch  of  notch. 

Here  is  a  new  combination  of  desirable  properties  not  previously 
available  in  one  material.  Unlike  various  materials  which  possess 
some  of  these  characteristics,  FF-55  can  be  easily  punched  and 
machined.  It  is  superior  for  rapid  fabrication  by  production  methods. 

THE  FORMICA  INSULATION  COMPANY,  4661  SPRING  GROVE  AVENUE,  CINCINNATI  32,  OHIO 
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ROTOBRIDGE 


The  Rotobridge  can  be  put  to  work  on  several  small  sub- 
assemblies  or  on  a  complete  set,  involving  as  many  as  120 
circuits.  Want  to  inspect  a  30  or  40  tube  set-up?  Two  or 
three  of  these  robots,  working  simultaneously,  will  do  the 
trick  ...  in  five  minutes  flat! 

Write  for  complete  details. 

Communication  Measurements  Laboratory 


120  Greenwich  Street 


FIG.  3— Graphic  reprasentotion  •hew¬ 
ing  derelopment  of  square  wore  fw* 
Tector  sum  of  eoltages  applied  to  tube 
grids 


FIG.  2 — Pulse-generator  circuit  dsTelopi 
square  wore  of  variable  width  from 
audio-frequency  sine  wove 

tion  of  the  r-f  signal  to  take  place. 

Square-wave,  positive  pulses  are 
obtained  from  the  circuit  of  Fig.  2, 
when  sine-wave  a-c  is  fed,  from  the 
a-c  line  or  an  audio-frequency  oscil¬ 
lator,  to  the  input  transformer  and 
through  the  phase-shifting  network 
to  the  control  grid  and  suppressor 
grid  of  Vi.  The  pulse  repetition 
rate  is  determined  by  the  fre¬ 
quency  of  the  applied  a-c,  and  the 
pulse  length  by  the  phase-differ¬ 
ence  in  the  voltages  applied  to  the 
two  grids.  When  the  voltages  fed 


SQUARE-WAVE  MODULATOR 

cutoff,  and  any  signal  appearing 
the  output  terminals  is  due  to  1« 
age  through  the  grid-to-cath 
capacitances  of  the  tubes.  Th; 
leakage  is  balanced  out  by  feedin 
back  small  out-of-phase  voltag 
from  the  cathodes  through  capaci 
tors  Cl  and  C*.  Inductive  cathod- 
loads  are  used  to  prevent  low-fre 
quency  modulation  of  the  output 
and  the  resistive  shunts  preven 
shock  excitation  of  the  inductors. 

Feeding  a  square-wave,  positive 
pulse  from  the  pulse  generator  te 
the  grids  of  the  modulator  tube? 
reduces  the  effective  grid  bias  on 
these  tubes,  permitting  amplifies- 


Checks  a  Circuit  a  Second! 


Instantaneous  and  accurate,  the  Rotobridge  functions  with 
robot-like  fidelity  in  checking  wiring  errors,  resistance  and 
reactance  values. 

Designed  for  continuous  24-hour  duty,  the  Rotobridge  does 
your  bidding  exactly.  Do  you  wish  a  10%  resistance  toler¬ 
ance  at  one  point?  A  25%  capacity  tolerance  at  another 
spot?  The  Rotobridge  gives  it  to  you— automatically  and 
accurately. 

An  error  detected?  The  Rotobridge  stops  cold,  flashes  on  a 
red  blinking  signal,  which  winks  insistently  until  the  defect 
is  attended  to. 


The  “chance” 


factor... 


eliminated  in 
transformer  production 
by  N*Y*T  engineers 

e 

NYT  Engineering,  through  lohg  experience 
and  specialization  in  problenfi  of  transformer 

design,  assures  units  of  dependability. 

• 

All  required  characteri^fcs  are  incorporated 
to  an  exacting  degreg^  with  mechanical  and 
electrical  problems  Effectively  surmounted  at 
the  blueprint  stag^. 

Equally  important  is  the  fact  that  every  NYT 
design  is  checked  for  mass  production. 

/4din€^  itu^uOtc^  to^  S 


SQUARE-WAVE  MODUUTOR 


(continued) 


to  the  grids  are  exactly  opposite  in 
phase,  no  plate  current  is  drawn 
by  Vi.  Adjustment  of  resistor  R 
will  produce  a  phase  shift  in  the 
voltage  applied  to  the  suppressor 
grid,  and  plate  current  can  flow 
during  a  part  of  the  cycle  as  shown 
graphically  in  Fig.  3.  The  pulse  de¬ 
veloped  in  the  plate  circuit  of  Vi  ig 
amplified  and  squared  by  ap¬ 
pearing  at  the  output  terminals  of 
the  pulse  generator  in  the  form 
shown  in  Fig.  3(c).  The  minimum 
pulse  width  available  from  any 
given  input  voltage  is  inversely  pro¬ 
portional  to  frequency,  that  is,  a  cir¬ 
cuit  producing  a  10  ftsec  pulse  from 
50  cps,  will  produce  a  0.1  /uaec  pulse 
from  5000  cps. 

Careful  attention  to  shielding  of 
components  and  units,  and  ground¬ 
ing  and  orientation  of  components 
is  necessary  to  obtain  eflScient, 
stable  and  consistent  operation. 

The  device  has  many  applications 
in  pulse  field-strength  measure¬ 
ments,  and  measurements  of  the 
transient  behavior  of  transmission 
lines,  antenna  systems  and  the  Hke. 

•  •  • 

Permeability  of  Iron  at 
Radio  Frequencies 

Magnetic  permeability  of  small 
diameter  iron  wires  was  measured 
at  low  field  intensities  in  alternat¬ 
ing  fields  of  from  54  to  1150  meters 
wavelength  by  Alva  W.  Smith,  F.  P. 
Dickey,  and  S.  W.  Foor  while  at 
Ohio  State  University.  The  results, 
reported  in  the  Jour.  App.  Phys. 
for  Jan.  1945,  indicate  that  appar¬ 
ent  permeability  decreases  with  de¬ 
crease  in  wavelength  and  increase 
in  wire  size. 

Permeability  Measurements 

The  measurements  were  made  to 
obtain  data  for  design  of  iron-cored 
coils  and  to  enlarge  our  understand¬ 
ing  of  magnetism.  For  experimen¬ 
tal  measurement,  iron  wires  are 
used  because  of  their  simple  geom¬ 
etry  from  which  eddy  current  ef¬ 
fects  can  be  evaluated. 

Several  methods  of  magnetiza¬ 
tion  have  been  used  for  such  meas- 
uremeiits,  as  well  as  different  means 
of  inductance  measurement.  Longi¬ 
tudinal  magnetization  has  been 
used  in  connection  with  measure- 
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There  is  no  substitute  for  engineering.  Nafionatjy  rwc 
ognized  engineering  talent  .  .  .  PLUS  exclusive  equipment, 
careful  materials  control,  and  exacting  inspection  .  .  .  • 
explain  PLASTIC’S  amazing  achievements  in  the  design 
and  production  of  thermoplastic  insulated  wire  and  cable. 
This  engineering  "know  how"  is  at  your  command  .  .  .  . 
for  today's  planning  or  tomorrow's  production.  Write  for 
complete  information  and  samples  engineered  to  fit  your 
particular  requirements.  Remember  , .  .  when  you're  thinking 
of  PLASTIC  you're  thinking  of  US! 


PERMEABILITY 


(continued) 


ments  of  the  change  in  inductance 
of  the  magnetizing  coil  resulting 
from  introduction  of  the  specimen. 
Circular  magnetization  has  been 
used  with  wavelength  measurements 
of  the  electro-magnetic  waves  on 
Lecher  wires  made  from  the  sam¬ 
ple,  or  with  measurements  of  the 
change  in  radio-frequency  resis¬ 
tance  of  the  specimen  as  deter¬ 
mined  from  bridge  or  resonance  ob¬ 
servations — depending  upon  the 
frequency  range  to  be  covered. 

There  are  three  high-frequency 
permeabilities  recognized  in  the  lit¬ 
erature.  From  the  change-in-resis¬ 
tance  method  there  comes  /i«  calcu¬ 
lated  by  skin-eflfect  formulas.  For 
circular  and  longitudinal  magneti¬ 
zation  there  is  iil  calculated  from 
inner  self-inductance  formulas.  In 
both  cases  it  is  necessary  to  correct 
for  the  non-uniformity  of  radial 
dux  distribution  within  the  speci¬ 
men. 

By  correcting  for  eddy-current 
effects  in  the  ih,  permeability,  the 
apparent  permeability  ft  is  obtained. 
The  permeabilities  presented  in 
this  paper  are  apparent. 

Measurement  Circuit 

Permeability  was  determined 
from  change  in  inductance  of  a 
specimen  coil  in  an  oscillating 
circuit.  Inductance  changes  were 
calculated  from  changes  in  capaci¬ 
tance  necessary  to  restore  the 
oscillating  frequency  to  its  initial 
condition  after  the  specimen  was 
inserted  in  the  coil-  Frequency  was 
measured  by  double  heterodyning, 
first  by  a  fixed  radio-frequency  os¬ 
cillator  to  an  audio  frequency,  and 
then  by  a  fixed  audio-frequency  os¬ 
cillator  to  a  second-order  audio 
beat.  When  the  two  radio-frequency 
oscillators  were  at  the  same  fre¬ 
quency,  there  was  no  second-order 
beat. 

Figure  1  shows  the  essential  fea¬ 
tures  of  the  apparatus.  A  General 
Radio  wavemeter  was  used  to  de¬ 
termine  the  operating  frequency. 
The  two  tank  coils  Li  and  L,  in  the 
specimen  oscillator  were  magnetic¬ 
ally  and  electrostatically  shielded, 
and  the  specimen  coil  L,  was  electro 
statically  shielded  from  the  speci¬ 
men  which  was  inserted  axially. 
L,  was  wound  to  form  a  coil  about 


MOTORS  for 
ELECTRONIC 
APPLICATIONS 


115  Volt  D.  C.  Shunt  Wound  1725  R.  P.  M, 
Reversible,  Ball  Bearing,  Ventilated 


Cut  shows  one  of  many  types  and  sizes  of  Ohio  Motors 
designed  for  driving  Electronic  Devices. 

RANGE 

i/m  to  2  HP.— A.C. 

1/100  to  1  HP.— D.C. 

1/100  to  Va  HP. — A.C.  Synchronous. 

1  to  100  oz.  ft.  A.C.  Torque. 

Shell  type  motors  for  built-in  applications  to 
4  HJ>.— D.C.  and  to  71/2  HP.— A.C. 

All  usual  voltages  and  cycles. 

What  is  your  problem? 

THE  OHIO  ELECTRIC  MANUFACTURING  CO. 

5908  Maurice  Avenue  Cleveland  4,  Ohio 
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HERE’S  THE  FULL  STORY 


In  a  detailed,  8-page  bulletin  now  available,  Raytheon  Manu¬ 
facturing  Company  tells  the  complete  story  about  the  dependable 
Raytheon  Voltage  Stabilizers.  These  trouble-free  magnetic-type 
•loits . . .  with  no  moving  parts  to  get  out  of  order  . . .  stabilize  AC 
from  ordinary  voltage  sources  to  within  plus  or  minus  a  half  percent, 
*frn>ughout  their  full  rating. 

The  bulletin  includes  such  useful  information  as  electronic 
>K)lications,  performance  features,  principles  of  operation,  operat- 
•og  characteristics,  graphs,  specifications  of  the  three  immediately 
available  designs,  cased,  uncased,  and  endbell,  and  a  price  list. 

We  urge  you  to  send  for  your  copy  promptly.  Ask  for  Bulletin 
^L48-537,  and  address  your  request  to  Raytheon  Manufacturing 
f^mpany,  Electrical  Equipment  Division,  Wahham  54,  Mass. 
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MANUFACTURING  COMPANY 
WAITHAM  S4,  MASS. 


ELICTRICAL  IQUIPMINT  DIVISION 

&xce/^n4;€  in  ^ledktmicA 


THE  WORLD’S  MOST 
MODERN  CONDENSER  PLANT 

with  these  outstanding  features 

•k  1,000,000  VOLT  RESEARCH  LABORATORY 

★  VERY  LATEST  PRODUCTION  EQUIPMENT 

★  SPECIALIZED  WAR-LEARNED  TECHNIQUES 

From  this  new  ultra-modern  factory  come  capacitors 
carefully  engineered  and  accurately  produced.  Staffed 
by  skilled  engineers  and  backed  by  16  years  of 
technical  progress;  Industrial  Condenser  Corp.  is  sup¬ 
plying  capacitors  for  every  application.  If  your  speci¬ 
fications  call  for  Electrolytic,  Paper,  Oil,  or  Motor 
capacitors,  look  to  Industrial  Condenser  Corporation. 


INDUSTRIAI  CONDENSER 

CORPORATION 

3243-65  NORTH  CALIFORNIA  AVENUE,  CHICAGO  18,  U.  S.  A. 

District  Offices  in  Principal  Cities 

PAPER,  OIL  AND  ELECTROLYTIC  MOTOR  CAPACITORS 


PERMEABILITY 


(continiMd) 


16  cm  long  to  assure  a  uniform  field 
into  which  the  specimen  was  in¬ 
serted.  L,  was  a  plug-in  coil,  in¬ 
terchangeable  for  changes  of  fre¬ 
quency  bands. 

j  The  series-parallel  arrangement 
j  of  the  tank  capacitors  increased  the 
j  accuracy  of  measurements  by  re- 
I  quiring  a  large  change  in  C.,,  or  C« 


Fig.  1 — Test  circuit  for  measurement  of 
permeability  of  iron  wire  at  hiqh 
frequencies 


to  produce  a  small  change  in  effec¬ 
tive  tank  capacitance.  The  two  ca¬ 
pacitors  C.n  and  C.V2  were  General 
Radio  precision  capacitors  against 
which  the  other  capacitors  were 
calibrated.  Mercury  switch  S  oper¬ 
ated  by  the  same  pulley  system  that 
moved  the  specimen  in  and  out  of 
La,  switched  one  or  the  other  preci¬ 
sion  capacitor  into  the  circuit.  The 
difference  in  capacitance  between 
C.n  and  C.S2,  when  operation  of  the 
specimen-switch  system  produces 
no  frequency  change,  is  indicative 


COMPARISON  OSCILLATOR 
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Designed  for  post  war  use  in  the  finest  radio-phono  comt) _ 

outstanding  development  in  a  long  list  of  Webster  achievements — iHe  'heW^ 
Webster  Record  Changer  has  more  than  passed  rigid  operating  tests  in 
the  laboratory  and  field.  In  addition — it  has  been  adapted  to  the  needs  of 
the  armed  services  where  it  is  now  giving  brilliant  performance  under  the 
most  exacting  conditions.  This,  of  course,  is  important  to  you — but  equally 
important  to  you  and  your  dealers  are  the  many  new  features  it  possesses. 

THESE  FEATURES  WILL  WIN  DEALER  AND  PUBLIC  ACCLAIM 


Changes  all  standard  10  or  12  inch  records;  no  chipping  of  record  edge. 
Positive  and  fast  change  cycle — less  time  between  records;  automatic  stop  at 
end  of  play  of  last  record. 

Light  needle  pressure.  Freedom  from  noise  and  rumble — improved  motor  and 
drive — velocity  trip. 

Highly  styled;  clean,  beautiful  lines. 

Compact — uses  minimum  space;,  ingen¬ 
ious  mounting  means. 

Many  other  important  advantages. 

New  post  war  design. 


WHIP  THE  NIP 

‘^BUY  EXTRA 
V/AR  BONDS  TODAY 


vv  I  K  rv/i\ 


INFORMATION 


WEBSTER 


CHICACO 


3825  W.  ARMITAGE  AVENUE 
CHICAGO  47,  ILLINOIS 
37  YEARS  OF  CONTINUOUS  SUCCESSFUL  MANUFACTURING 
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HANOVIA 

HERMeTICALLY  SEALED 

R.F.  CHOKES 


AVAILABLE  IN  ABOVE  TWO  FORMS 
RATED  AT  125  M.A.  FOR  ALL  SIZES 

Complete  information  on  these  and 
other  Hanovia  Chokes  on  request, 

HANOVIA 

CHEMICAL  &  MANUFACTURING  CO. 

Industrial  Division 

Dept.  E-16  Newark  5,  N.  J. 


of  the  reflected  inductance  of  the 
sample. 

A  Western  Electric  vacuum  ther¬ 
mocouple  and  galvanometer  were 
used  to  observe  that  the  current  in 
the  specimen  coil  remained  con¬ 
stant  at  a  known  value.  Current 
was  controlled  by  the  screen-grid 
voltage.  The  d-c  component  of  the 
grid  current  produced  negligible 
magnetic  effect. 

The  chemically  pure  iron-wire 
specimens  were  enclosed  in  indi¬ 
vidual  sealed  glass  capillary  tubes. 
Groups  of  from  one  to  twenty  wires 
enclosed  in  a  larger  tube  consti¬ 
tuted  a  test  sample.  The  test  sam¬ 
ples  were  carried  to  the  same  posi¬ 
tion  in  the  coil  at  each  insertion. 

Results  and  Concltuions 

Logarithmic  plots  of  permeabil¬ 
ity  against  wire  diameters  indicate 
that  permeability  ix  varies  inversely 
as  the  0.9  power  of  the  diameter. 
Although  measurements  were  made 


Fig.  2 — Permeability  ai  a  function  oi 
wavelength  for  several  sizes  of  iron 
wire 

at  low  flux  densities  where  perme¬ 
ability  is  assumed  to  be  constant, 
the  data  seemed  to  indicate  an  in¬ 
crease  in  IX  with  increasing  H, 
The  decrease  in  permeability 
with  decrease  in  wavelength  and 
increase  in  wire  diameter  indicated 
in  Fig.  2  is  caused  by  the  reduction 
in  flux  produced  by  eddy  currents 
flowing  in  the  cross  section  of  the 
wire.  These  eddy  currents  produce 
a  counter  mmf  that  increases  with 
wire  diameter  and  conductivity  and 
decreases  with  wavelength. 

•  •  • 

Universal  Electronic  Indict* 
tor  for  Aircraft 

With  the  large-scale  developm®* 
of  commercial  aviation  just  around 
the  comer,  consideration  is  bemf 
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r  Federal  Telephone  and  Radio  Corporation 


All  over  the  world. .  ,  from  the  mud - 

caked  European  fields  to  sun-baked  air¬ 
strips  in  southern  Burma  .  .  .  Federal 
Instrument  Landing  Systems  are  “bringing 
’em  in”.  ,  .  on  the  beam. 


to  earth”,  day  and  night,  through  the 
toughest  kinds  of  flying  weather. 

This  is  the  instrument  landing  equipment 
that  Federal  developed  over  more  than  ten 
years  of  intensive  research  .  .  .  and  which 
has  set  the  standard  for  aerial  navigation 
equipment  in  all  parts  of  the  world. 

For  the  coming  “age  of  the  air”,  .  .  see 
Federal  first  for  the  finest  in  aerial-navi¬ 
gation  and  communications  equipment. 


Bombers,  pursuit  ships,  night-fighters, 
transports , . .  American,  Canadian,  British, 
Russian  . . .  ships  wearing  all  the  colors  of 
the  Allies  . . .  coming  in  on  this  ‘T>athway 


Newark  1,  N.  I 
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Webster  Electric  Pickups 
are  Precision-Built  for 


No  raciio-phonograph  combination  is  better  than  its  pickup — 
and  no  pickup  ever  built  is  better  than  the  mcxiern  Webster 
Electric  Pickup.  That  simple  fact  has  led  more  and  more 
manuiacdurers  of  fine  quality  instruments  to  standardize  on 
crrystal  pickups  and  cartridges  bearing  the  authentic  Webster 
Electric  name. 


Webster  Electric  Pickups  .  .  .  delicate,  sensitive,  responsive  to 
every  tone  shading  and  color  range  .  .  .  are  designed  and 
built  by  an  organization  possessing  vast  experience  in  sound 
engineering  and  the  manufacture  of  sound  equipment.  We 
are  making  every  effort  to  supply  the  ever-increasing  demand 
for  Webster  Electric  Pickups  and  Cartridges  as  rapidly  as 
possible. 


We  suggest  that  you  permit  us  to  consult  with  you  with  a  view 
to  determine  the  best  application  of  our  products  as  integral 
parts  of  your  present  or  planned  mcxlels.  Write  us  direcd — 


tcxiay. 


L*l's  All  Back  the  Attack 
Buy  Extra  War  Bonds 


(Licensed  under  patents  of  the  Brush 
Development  Company) 


WEBSTER 


ELECTRIC 


»  ItliSlltlisC  not  •  txHrt  D«tt;  UE.40tk'ttosst,Ns»  Vsik  (llt.N.V.:  CakU  AMrttt  “MUI"  Niw  Tsffe  CIti 


"IViiere  Quality  is  a  Responsibility  and  Fair  Dealing  an  Obligation 
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given  to  more  simplified  instrumen¬ 
tation  in  aircraft.  Proposals  for  a 
single  indicator  for  presenting  in¬ 
strument  readings  to  a  pilot  is  de¬ 
scribed  by  P.  Postlethwaite  in  Elec¬ 
tronic  Engineering  (43-44  Shoe 
Lane,  London,  E.C.  4)  for  Novem¬ 
ber,  1944. 

The  author  takes  as  his  starting 
point,  the  screening  of  an  outline 
of  the  plane  on  a  cathode-ray  tube. 
Below  the  tube  is  a  gyro  mechanism 
and  an  artificial  horizon  bar  which 
is  arranged  to  move  between  the 
cover  glass  of  the  instrument  and 
the  screen  of  the  tube.  That  much 
is  mechanical. 

Surrounding  the  c-r  screen  is  a 
compass  scale,  while  in  front  are  a 
horizontal  scale  of  speed  and  two 
vertical  scales ;  one  for  height  and 
the  other  for  rate  of  climb  or  de¬ 
scent.  Presentation  of  the  various 
conditions  of  flight  is  made  in  the 
following  ways: 

Air  Speed.  The  measuring  mech¬ 
anism  is  made  to  vary  the  gain  of 
the  c-r  tube  amplifiers  and  so  vary 
!  the  size  of  the  outline.  The  wing 
I  tip  acts  as  a  pointer  to  read  against 
the  horizontal  scale  of  speed. 

Ground  Speed.  This  is  presented 
in  a  similar  way,  using  a  radio 
beam  in  conjunction  with  i*.'  Dop¬ 
pler  effect. 

Climb  or  Descent.  The  indica¬ 
tions  are  presented  by  a  vertical  dis¬ 
placement  of  the  outline,  i.e.,  the 
rate  of  climb  conditions  are  changed 
j  into  electrical  quantities  and  ap- 
I  plied  as  bias  to  the  vertical  deflector 
!  plates  of  the  tube. 

Bank  and  Turn.  Rheostats  are 
connected  to  the  usual  instruments 
to  obtain  conversion  to  electrical 
quantities.  Deliberate  distortion  of 
the  outline  could  be  used  to  indicate 
over  or  under  banking.  One  way 
would  be  to  alter  the  bias  of  a  pen¬ 
tode  tube  and  so  cause  the  wings  of 
the  outline  to  become  of  unequal 
length. 

Landing.  The  position  of  the 
outline  relative  to  the  screen  could 
be  equal  to  the  position  of  the  real 
plane  relative  to  a  Lorenz-type 
beam. 

Height.  A  radio  altimeter,  work¬ 
ing  on  the  reflection  principle, 
would  enable  a  spot  to  be  exhibited 
at  the  correct  point  of  the  height 
scale. 

Compass  Bearing.  This  is  shown 
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Radiart  Corporation 

3571  W.  63nd  STREET  •  CLEVELAND  2.  OHIO 

Export  Divifion  Canadian  Of  ice 

25  Warren  St..  New  York  7.  N.Y.  455  Crai*  Si..  W.,  Monireal.  Cana4« 
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FOR  SPECIFIC  APPLICATIONS 

Physical  Characteristics 

Since  each  RADIART  VIBRATOR  is  individually  engineered  all 
additional  attachments  for  electrical  grounding  or  for  holding 
the  vibrator  in  the  socket  are  eliminated. 

Electrical  Characteristics 

RADIART  VIBRATORS  are  engineered  for  the  individual  require¬ 
ments  of  each  circuit  application,  taking  into  consideration  every 
operating  essential  such  as  frequency,  current  carrying  capacity, 
points  and  reads  properly  tuned  for  transformer-buffer  circuit 
requirements. 

This  individual  engineering  guarantees  much  longer  life  than  could  possibly  be 
obtained  if  any  of  these  characteristics  were  compromised  for  the  sake  of  vibrator 
type  simplification. 

RADIART  VIBRATORS  assure  minimum  R.  F.  interference,  low  level  of  mechani¬ 
cal  noise  and  starting  under  adverse  battery  conditions. 

Manufactured  by  makers  of  famous  RADIART  Rust  Proof  Aerials. 


High  Quality 
Materials  .  .  . 


For  the  past  six  months 
Radiart  Vibrators  have 
been  equal  or  superior 
to  pre-war  vibrators  in 
quality  and  perform¬ 
ance. 


Our  engineers  will  be 
glad  to  co-operate  with 
you  in  the  development 
of  the  proper  Radiart 
Vibrator  for  your  spe¬ 
cific  needs. 


ELECTRONIC  INDICATOR 
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HIGHLY  ACCHHATE,  STAHLE  VT  VOLTMETEH 


features  WAR  RESTRICTED 
DEVELOPMENTS! 


FELEVISO,  pioneerinK  *<>  the  production  of  measuring  apparatus  for  the  SONIC  to 
UHF  SPECTkUM,  has  specialized  in  building  dependable  Vacuum  Tube  Voltmeters. 

A  aecessity  wherever  dependable  voltage  measurements  within  the  range  of  7  cps  to 
500  megacycles  are  requited — the  Televiso  Series  200A  VT  Voltmeter  is  highly 
accurate  and  stable.  IMPORTANT  WAR  TIME  DEVELOPMENTS  ARE  AVAIL¬ 
ABLE  FOR  THE  FIRST  TIME  IN  THE  FOLLOWING  FEATURES;— 


SUPERSENSITTVE  RANGE — the  lowest  readable  voltage  is  .05  volts  on  a  maximum 
scale  range  of  .5  volt. 

FIVE  VOLTAGE  RANGES — .5,  2,  15,  50,  150 — spread  full  scale  on  a  4Vi"  meter 
dial  for  easy  reading.  Accuracy  of  readings  are  2%  full  scale;  middle  scale  accu¬ 
racy  is  5%  or  better. 

PROBE  CONSTRUCTION — detachable  probe  to  eliminate  cable  wear;  easily  dis¬ 
mantled  for  tube  replacement  or  for  soldering  to  tube  terminals  for  measurements  in 
the  25p-500  MC  region ;  flat_  Va"  wide  brass  terminals  connect  to  input  to  make  easy 
soldering  to  test  or  work  piece;  for  low  frequency  work  up  to  100  MC,  removable 
banana  plugs  are  spaced  %"  center  to  center  tor  use  with  standard  jacks. 


in  a  similar  way  to  height  and  is  a 
spot  on  the  outer  edge  of  the  screen 
positioned  to  repeat  the  indicatiwi 
of  the  compass  in  the  tail  of  the  air-  ' 
craft. 

These  last  two  spots  are  from  the 
same  beam  as  used  to  trace  the  out¬ 
line,  since  even  under  these  condi¬ 
tions  the  c-r  tube  is  not  being 
worked  so  hard  as  under  television 
conditions. 

Icing.  Here,  a  simple  device  is 
suggested  to  increase  the  brilliancj 
of  the  spot  when  tracing  the  upper 
edges  of  the  wings  and  to  decrease 
it  when  tracing  the  lower. 

Gasoline.  To  indicate  that  fuel 
supplies  are  running  low  the  de¬ 
signer  proposes  to  modulate  the 
beam  so  that  the  outline  is  dotted 
instead  of  solid. 

Perhaps  the  most  important  part 
of  the  whole  instrument  is  the 
method  of  obtaining  the  outline  of 
the  plane  on  the  screen.  One  way 
would  be  to  use  television  technique 
and  to  scan  a  cut-out  of  the  ma¬ 
chine,  but  the  designer  proposes  an¬ 
other  method,  under  the  claim  that 
the  outline  would  be  brighter  and 
more  distinct.  The  method  consists 
essentially  of  motor-driven  cams  in¬ 
terposed  between  a  series  of  photo¬ 
cells  and  lamps.  Six  cams  are  sug¬ 
gested,  two  each  for  the  outline,  the 
wing  flaps  and  the  retractable  un¬ 
dercarriage,  the  last  two  appearing 
on  the  outline  at’  the  required  times. 

The  outputs  of  the  photocells  are 
amplifled  to  produce  the  various 
voltages  necessary  for  application 
to  the  deflector  plates  of  the  c-r 
tube. 


MECHANICAL  CONSTRUCTION — of  aluminum  throughout;  panel  and  cabinet 
are  ^ick  (cabinet  is  dural.) ;  tub-chassis  is  Vt"  and  spaced  off  the  panel  by  stubs 
to  simplify  servicing;  all  components  are  fastened  to  sub-chassis. 

ELECTRICAL  CONSTRUCTION  AND  CIRCUIT— Series  200A  utilizes  the  finest 
components  throughout  and  _  carries  a  two  year  guarantee.  The  circuit  is  a  stable 
plate  circuit  rectifier.  No  diode  input  tube  is  used.  The  plate  circuit  rectifier  type 
makes  available  higher  input  impedance  at  all  frequencies.  No  shortening  of  input 
probe  is  required  for  zero  adjustments.^  All  zero  adjustments  are  made  once  and 
remain  constant.  A  panel  adjuster  is  available  to  make  the  unit  usuable  without  heat¬ 
ing  up  time.  All  filament  and  plate  voltages  are  transformer  and  tube  regulated. 

BUILT-IN  CALIBRATION  VOLTAGE — All  units  have  a  jack  which  produces  a 
constant  6.3  volts  for  standardizing.  This  is  the  regulated  filament  vouage.  The 
sensitivi^  can  be  adjusted  without  tools  in  the  event  tubes  are  replaced  in  the  field. 
The  .Senes  200A  will  operate  satisfactorily  from  any  source  of  voltage  from  95  to 
130  volts  ac.  Line  voltage  surges  are  not  observable  during  use. 

SIZE — 14"H  X  9V2"W  X  7!4"D.  Guaranteed  2  years.  Price  $170.00  F.O.B.  Chicago. 


7466  IRVING  PARK  ROAD  CHICAGO  34.  ILLINOIS 
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Aviation’s  Electronic 

» 

Requirements 

By  D.  W.  Rentzel,  President 
Aeronautical  Radio,  Inc. 
Washington,  D.  C. 

Come  op  age  as  a  major  means  of 
transportation  by  the  impetus  of 
the  war,  aviation  is  in  a  position  to 
dominate  the  coming  age.  How¬ 
ever,  the  prominent  limitations  to 
safe,  on-schedule  flights  are  cap¬ 
able  of  solution  only  through  elec¬ 
tronic  means.  At  present  in  the  avi¬ 
ation  industry  electronic  develop¬ 
ments  are  trailing  some  of  the 
other  elements  of  air  transporta¬ 
tion.  Solutions  to  many  of  these 
problems  are  in  the  offing;  all  that 
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The  Case  of  the  Flying  Gull  .  .  . 


>^'Ing  the  storm  season  of  1942,  The  Fly-  were  working  perfectly. 


built  to  perform  beyond  normal  expecta- 


H  Gull  ran  into  heavy  seas  in  the  Gulf  Harvy  Stark,  owner  of  the  boat,  had  tions.  They  are  completely  manufactured— 


pf  Mexico.*  Running  before  a  terrific  wind, 
P*  all  but  made  port.  Then,  just  as  she 
putting  about  near  Hunter’s  Point,  she 
a  gigantic  wave  and  foundered. 
^  hands  were  saved.  But  The  Flying  Gull 
in  eight  fathoms  of  Gulf  water. 
Salvage  operations  were  started.  Later  in 
§9^2,  when  The  Flying  Gull  was  in  the 
and  her  electrical  equipment  ripped 
p  an  amazing  thing  occurred.  George 
'*8)  of  The  Harris  Salvage  and  Drydock 
spaoy  of  Galveston,  put  the  Therma- 
*fansformer  equipment  on  a  shelf  in 
^  ttnshine— mentally  assigning  it  to  the 
’P  metal  drive.  Three  days  later,  out  of 
•  f'osity,  he  hooked  the  transformers  onto 
bench  and  flipped  on  the  current. 
®  hii  amazement,  they  still  showed  signs 
■  He  then  ran  standard  tests.  To  his 
astonishment,  all  twelve  of  the 
^  ^^°f®ers  were  not  only  working— they 
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already  ordered  a  complete  new  set  of 
transformers  from  Thermador.  He  can¬ 
celled  the  re-order.  And  today  The  Flying 
Gull  sails  with  her  original  Thermador 
transformers.  Not  designed  for  the  briny 
deep— but  they  could  take  it! 

Such  stories  of  plus  performance  are  not 
accidents,  for  Thermador  transformers  are 


not  just  assembled— under  one  roof  on  a 
vast  array  of  modern  precision  equipment. 
They  are  made  only  from  the  finest  ma¬ 
terials,  engineered  by  men  of  broad  expe¬ 
rience.  The  result  is  not  alone  quality  but 
quality  in  quantity.  If  that  meets  your 
specifications,  better  discuss  transformers 
with  Thermador. 


THERMADOR 

TRANSFORMERS 

DEFEAT  HEAT  •  COLD  •  HUMIDITY 


*Am  actual  cate  history  from  Thermador  fiUtt  however  names,  dates,  and  location 
have  been  altered.  Buy  MORE  Wmr  Bond*. 

THERMADOR  ELECTRICAL  MANUFACTURING  COMPANY 

•tcv^uMOESMUir  S119  SOUTH  IIVERSIDI  DRIVE  •  LOS  ANGELES  22,  CALIFORNIA 
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(continui 


It  is  folly  to  put  the  plow 
in  front  of  the  oxen  . . . 


.  .  .  and  it  is  equally  bunsling  to  use  a 
cheap  substitute  (or  Macallen  Mica.  Not 
many  do,  but  every  once  in  a  while  some¬ 
body  has  to  learn  from  experience  that 
triflins  with  insulation  can  be  a  disastrous 
experiment.  The  (act  o(  dependability  in 
Macallen  Mica  has  been  known  to  experts 
(or  more  than  50  years. 


remains  for  some  is  to  be  put  intj 
commercial  form. 

Obstacle  Indicator 

Increased  flying  speeds  requii 
a  warning  to  the  pilot  of  obstruc 
tions  such  as  mountains,  buildings 
(This  paper  was  prepared  prior 
the  Empire  State  Building  disj 
aster. — Ed.  note)  or  other  aircrafi 
Such  equipment  should  take  advan 
tage  of  transmitters  on  the  obstacli 
or  other  aircraft.  A  cone  of  ±1 
degrees  from  the  plane’s  center  lim 
should  be  scanned  continuously 
and  it  should  be  possible  to  explori 
a  wider  angle  at  will.  The  instru 
ment  should  give  indications  of  di 
tance,  position,  elevation  relativ 
to  the  plane,  and  sight  or  sour; 
alarm  if  the  aircraft  comes  withii 
a  preset  distance  of  the  obstacle, 

The  obstacle  indicator  shouli 
have  a  range  of  approximate! 
twenty  miles  (at  current  transpo 
flying  speeds  this  range  allows  onl: 
four  minutes  for  avoiding  obstrui 
tions).  Its  weight  should  be  hell 
within  50  pounds,  90  pounds  if  th] 
instrument  also  serves  as  radio 
timeter.  Ground  beacons  could 
used  to  reduce  the  weight  an 
power  of  aircraft  installations 


Radio  Altimeter 

Preferably  operating  in  co: 
junction  with  the  obstacle  indicate 
the  radio  altimeter  should  have 
vertical  range  of  40,000  feet,  tl 
elevation  being  indicated  on  Ic 
and  high  altitude  scales.  Its 
curacy  should  be  within  three  pej 
cent  and  its  stability  within  30  k 
over  a  16  minute  period.  The 
should  be  a  button  for  service  td 
indications.  The  altimeter  indi- 
tion  might  well  be  combined  w'i 
the  indication  of  a  ranging  inst 
ment. 

One  important  application  of 
radio  altimeter  is  in  isobar 
Instead  of  flying  the  most  dirj 
course,  transports  fly  on  long  hi 
with  the  motion  of  the  air 
thus  flying  the  course  giving  | 
shortest  flight  time. 

In  addition  to  weather  rep  ' 
indicating  the  positions  of  hf 
pressure  areas  which  rotate  cl- 
wise  and  low  pressure  nw^^ 
which  rotate  counter-clockwise 
the  northern  hemisphere)  “ 

electron^ 
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you  CAN  TAKE  THE  SAME  GRIP 


put  ini 


BUT  CAN  YOU  PITCH  LIKE  A  CHAMP? 


JUlIJ 

iTnrj 


There  is  more  to  throwing  curves  than 
holding  a  ball  a  certain  way— 

And  there  is  more  to  producing  top- 
performance  transformers  than  assem¬ 
bling  coils,  cores,  etc.  in  an  enclosing  case. 

Correct  use  of  engineering— years  of 
experience— control  of  quality  and  man¬ 
ufacture  in  everyday  large  scale  produc¬ 
tion— and  the  selection  of  the  appropriate 
type  and  design  for  each  particular  re¬ 
quirement-are  all  essential  to  success¬ 
ful  operation. 

The  hundreds  of  thousands  of  trans¬ 


formers  regularly  produced— are  ample 
proof  that  leading  manufacturers  of  equip¬ 
ment  in  electronic,  lighting,  radio  and 
similar  fields  prefer  Jefferson  Electric 
Transformers.  Recommendations  con¬ 
cerning  transformers  made  by  the  Jeffer¬ 
son  Electric  engineering  staff  can  save 
time  for  you— and  insure  the  performance 
you  desire.  JEFFERSON  ELECTRIC 
COMPANY,  Bellwood  (Suburb  of  Chi¬ 
cago),  Illinois.  In  Canada:  Canadian 
Jefferson  Electric  Co.  Ltd.,  384  Pape  St., 
Toronto,  Ont. 


ELECTRONIC  •  RADIO  •  TELEVISION 

TRANSFORMERS 
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^Follansbee  Electrical  Sheets  and  Strip  help 
minimize  production  problems  with  excellent  me¬ 
chanical  properties  that  match  their  magnetic 
characteristics. 

In  standard  grades — or  special  high  silicons  to 
meet  specific  requirements — Follansbee  punching 
and  shearing  quality  reaches  the  ultimate  per¬ 
mitted  by  the  silicon  content  .  .  .  width  and  gauge 
are  to  the  closest  tolerances . . .  surface  finishes  and 
stacking  factors  meet  exacting  specifications. 

The  rigid  control  necessary  in  the  production  of 
high  quality  Silicon  Steels  coincides  perfectly  with 
the  practices  followed  by  Follansbee  through  gen¬ 
erations  of  fine  steelmaking.  When  placing  your 
next  order  for  Electrical  Sheets  or  Strip — check 
with  Follansbee. 


FOLLANSBEE  STEEL  CORPORATION 

GCNKRAl.  OFFICES  •  FITTSBUROH  SO.  FA. 

Soles  Offices — New  York,  Philadelphia,  Rochester,  Cleve¬ 
land,  Detroit,  Milwaukee.  Sales  Agents — Chicago,  India¬ 
napolis,  St.  Louis,  Kansas  City,  Nashville,  Houston,  Los 
Angeles,  San  Francisco,  Seattle;  Toronto  and  Montreal, 
Canada.  Plants — Follansbee,  W.  Va.  and  Toronto,  Ohio 

ALLOY  BLOOMS  B  BILLETS.  SHEETS  S  STRIP  •  COLD  ROLLED  CARBON 
SHEETS  S  STRIP  •  POLISHED  BLUE  SHEETS  •  ELECTRICAL  SHEETS  S  STRIP 
SEAMLESS  TERNE  ROLL  ROOFINO 


ELECTRONICS  IN  AVIATION  (conllnusd) 

which  the  navigator  can  chose  the 
course,  the  navigator  can  compare 
the  indications  of  the  radio  and 
barometric  altimeters  and  thus  ob¬ 
serve  his  position  relative  to  high 
and  low  pressure  areas. 

Experience  with  radio  altimeters 
as  landing  instruments  has  indi¬ 
cated  that  obstructions  on  the  path 
of  approach  to  the  runway,  while 
not  high  enough  to  interfere  with 
the  glide  path,  produce  excessive 
needle  flutter  in  the  altimeter. 

Automatic  Position  Reporting 

With  increased  aircraft  traffic  it 
is  necessary  to  have  available  con¬ 
tinuous  data  on  plane  positions. 
There  is  need  for  automatic  equip¬ 
ment  that  will  identify  and  give  i- 
titude,  azimuth  and  range  of  all 
aircraft  within  the  control  area  and 
duplicate  this  information  to  all 
interested  parties.  It  would  be  ad¬ 
vantageous  if  there  could  be  super¬ 
imposed  on  the  indications  of  air¬ 
craft  positions  the  locations  of  such 
navigational  hindrances  as  thun¬ 
derstorms. 

Written  Communications  to  Aircraft 

The  volume  of  information  re¬ 
quired  in  airline  aircraft  necessi¬ 
tates  a  means  of  sending  written 
communications  to  aircraft,  either 
by  facsimile  or  radio  teletjqie.  Such 
an  installation  would  free  the  plane 
personnel  from  the  necessity  of  giv¬ 
ing  their  attention  to  routine  mes¬ 
sages  as  such  communications  were 
transmitted. 

The  aircraft  printer  should  be  of 
the  page  type  rather  than  of  the 
tape  type  to  eliminate  the  necessity 
of  scanning  for  information,  and 
should  not  weigh  in  excess  of  25 
pounds  exclusive  of  the  receiver. 
Paper  should  feed  freely  to  avoid 
jamming  during  unattended  per¬ 
iods.  There  should  be  several  se¬ 
lectable  channels,  but  transmission 
should  be  held  to  a  narrow  band¬ 
width.  A  keyboard  and  transmitter 
aboard  the  plane  is  not  necessary, 
but  such  units  should  be  adaptable 
to  the  receiver-printer. 

Electrical  Power  on  Aircraft 

Equipment  should  operate  from 
the  normal  power  system  of  the 
plane.  At  the  present  most  airline 
!  and  private  aircraft  utilize  the  12 
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The  Quiet  Ballentine  Changer  Motor 

has  these  four  characteristics  achieved  by  advanced 

design,  skilled  engineering  and  precision  manufacturing 

•  Lowest  Rumble  •  Highest  Efficiency 

•  Most  Compact  Design  •  Longest  Life 

The  Quiet  Ballentine  Changer  Motor  is  recommended 

to  record  changer  manufacturers  seeking  to  provide 
the  ultimate  in  performance. 


RUSSELL  ELECTRIC  COMPANY 

364  WEST  HURON  STREET  •  CHICAGO  10,  ILLINOIS 

BALLENTINE 

RECORD  CHANGER  MOTOR 


^ECTRONICS  — Oc/o6er  mS 


FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


ELECTRONICS  IN  AVIATION 


volt,  d-c  system;  most  military  air¬ 
craft  utilize  the  24-30  volt,  d-c  sys¬ 
tem.  It  appears,  from  a  survey 
made  by  Aeronautical  Radio  on  be¬ 
half  of  the  airlines,  that  the  24-30 
volt  d-c  system  will  be  predominant 
after  the  war,  although  high  volt¬ 
ages  at  400  cycles  may  be  common. 


Air  Borne  Equipment 

Equipment  carried  aloft  in  the 
plane  must  be  kept  to  a  weight  min¬ 
imum,  200  pounds  seems  a  reason¬ 
able  figure  for  all  radio  equipment 
in  the  ship.  Such  navigational 
units  as  marker  receivers  which 
are  in  use  only  a  minute  portion  of 
the  flight  time  should  be  combined 
with  other  services.  The  grouping 
of  aircraft  communication  and 
navigation  channels  at  the  same  re¬ 
gion  in  the  radio  spectrum  will  do  a 
lot  toward  simplifying  receiver  de¬ 
sign  and  utilization  problems. 

For  international  and  overseas 
operation  supplemental  equipment 
will  be  necessary.  The  private  flier 
will  not  be  interested  in  all  the 
available  radio  services.  Manufac¬ 
turers  will  do  well  to  develop  pack¬ 
age  units  that  can  be  added  as  the 
need  grows,  each  building  on  the 
circuits  present  in  the  previously 
installed  units. 


Operation  of  remote  control 
flexible  shafts  must  be  smooth  and 
easy,  free  from  any  tendency  to 
“jump”.  That's  why  the  greatest 
care  is  taken  in  winding  Walker- 
Turner  Remote  Control  Shafting 
—to  eliminate  "back-lash"— to 
hold  torsional  deflection  to  a  mini¬ 
mum  in  either  direction  of  rota¬ 
tion — to  keep  internal  friction  low. 

Result:  in  many  applications,  the 
same  sensitive  control  is  achieved 
with  Walker-Turner  Flexible  Shaft¬ 
ing  as  with  a  direct  connection. 
Whether  you  need  flexible  shaft¬ 
ing  for  remote  control,  push-pull 
or  power  transmission,  you'll  find 
careful  design  and  manufacture, 
and  high  performance,  charac¬ 
teristic  of  every  type  of  Walker- 
Turner  Flexible  Shafting.  Write 
today  for  our  latest  catalog. 


Medical  Probe 

By  Robert  E.  Ricketts 
Auburn,  N.  Y. 

In  the  medical  field  of  electronics 
there  is  a  need  for  several  new  in¬ 
struments  the  development  of 
which  need  no  longer  be  handi¬ 
capped  by  lack  of  the  design  of  uhf 
oscillators,  transmitters,  and  re¬ 
ceivers.  Work  was  begun  on  one 
such  instrument  prior  to  the  war. 

The  instrument,  designated  as 
the  R-K  Probe,  was  originally  de¬ 
signed  for  two  purposes:  (a)  to 
indicate  irregularities  of  bone  and 
organs  under  the  skin;  and  (b)  to 
indicate  the  size  and  placement  of 
large  organs  of  the  body.  The  util¬ 
ity  of  such  an  instrument,  which 
could  be  highly  portable,  lies  in  ex¬ 
amining  patients  whose  condition 
excludes  moving  them  to  x-ray  or 
fluorscope  installations. 

The  instrument  consists  of  » 
transmitter,  receiver,  indicator,  and 
a  power  supply  for  operation  from 
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CORNEU'DVBILIER 

CAPACITORS 


MICA  •  OYKANOL  •  PAffR  •  flECTROlVTICS 


ONE  PUIIPOSE ..  ■  the  improvemenf  of  {apadtors 


C-D  never  relaxes  in  its  determination  to  improve  - 

capacitor  design  and  to  develop  new  and  better 
materials  and  processes  of  manufacture.  The  C-D 
Type  TJ  series  is  typical  of  improved  capacitor  two 

engineering. 

Where  a  lot  of  capacitance  must  be  packed  into 

^  little  space,  there  is  no  better  capacitor  for  high  JT . . 

voltage  filter  applications  than  the  C-D  Type  TJ  | 

containing  the  Dykanol  impregnant.  | 

Dykanol  “G”,  due  to  its  chemical  stability,  allows 
operation  at  higher  temperatures.  It  also  permits  mini 

the  use  of  maximum  paper  thickness  for  a  given 
size  container,  with  a  high  factor  of  safety  due  to 
low  voltage  stress.  Insulation  resistance  is  five  or 
more  times  as  high  as  in  capacitors  using  organic 
oil  impregnants.  On  the  larger  sizes  of  the  Type  TJ 
series,  the  sturdy  porcelain  terminals  with-  . 
H  stand  extremes  of  heat  and  cold  and  are  practi- 

4^  cally  unbreakable.  ■ 

Look  to  Cornel  1-Dubilier  for  the  extra  quality  and 
dependability  that  is  engineered  into  every  capaci- 
1^^  iH  tor  —  the  result  of  C-D’s  35  years  of  capacitor 
IH  specialization.  Comell-Dubilier  Electric  Corpora- 
11^^  H  Plainfield,  N.  J.  Other  plants  at  New 

jg  Bedford,  Brookline,  Worcester,  Mass,  and  Provi- 


Comparative  size  of  capacitors 
for  some  voltage  stress  using 
two  types  of  impregnants. 


1 ' 

"1 

1 

ik 

MINERAL  OIL 


C-D  DYKANOL 


Testing  paper  for  number  of  conducting  particles.  Other 


tests  determine  thickness,  porosity,  voltage  breakdown 
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MEDICAL  PROBE  (continu*^) 

house  current.  A  preliminary  model 
shown  in  Fig.  1,  although  itself  un¬ 
satisfactory,  did  indicate  the  di¬ 
rection  in  which  to  proceed. 

Basie  Principle 

The  principle  of  the  device  is 
simple.  An  electromagnetic  field  is 
set  up  about  one  inch  from  the  por¬ 
tion  of  the  body  to  be  examined. 
Assuming  the  air  and  outer  surface 
of  the  medium  under  examination 
as  a  fairly  constant  dielectric,  if 
the  probe  were  held  a  fixed  distance 
from  the  body  irregularities  would 
be  detected  as  a  change  in  dielec¬ 
tric. 

For  example,  the  probe  is  held  an 
inch  from  a  reference  point  on  the 
body — such  as  the  forearm  while  it 
rests  close  to  the  body — and  is  ad¬ 
justed  for  a  set  indication.  The 
probe  is  then  moved  in  the  general 


Fig.  1 — ^ExpgrlaMntal  modtl  of  M 
Prob*  ns«d  to  diognoM  physical  ob 
normalitieB.  Hand  prob*  ussd  to  » 
amino  patient  contained  transmitter  aoi 
receiver 
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direction  of  the  heart  until  a  sharp 
deflection  is  noted  on  the  indicator. 
By  one’s  moving  the  probe  in  » 
rough  oval,  the  reading  remain* 
about  the  same,  but  in  one’s  mov¬ 
ing  the  probe  away  from  the  region 
of  the  heart  the  indicator  returns  to 
normal.  If  the  operator  inserts  * 
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THE  "Know-How"  OF 

TRANSFORMERS 


. . .  ITC  combine  years  of  experience  in  the  field, 
with  leadership  in  the  scientific  design  of  every 
type  of  tronsformer  for  every  application  ...  to 
bring  you  better  transformers. 

. .  .  The  trained,  skilled  engineers  who  design  ITC 
TRANSFORMERS  are  ready  to  aid  you  with  your 
individual  transformer  problems. 

.  .  .  For  dependable  service  now  .  .  .  and  in  the 
future,  be  sure  to  use  and  specify  ITC  TRANS¬ 
FORMERS. 
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MEDICAL  PROBE 


paper  between  the  body  and  the| 
probe  and  attaches  a  black  crayon 
to  the  probe,  a  rough  sketch  of  the 
heart  can  be  quickly  drawn. 

Similarly  the  probe  can  be  used 
to  locate  bone  irregularities  or  for¬ 
eign  bodies  in  the  patient. 

Figure  2  is  a  wood  box  with  a 
stone  and  a  piece  of  metal  im¬ 
bedded  between  gravel  and  plaster. 
The  probe  is  adjusted  by  using 
point  A  for  a  reference  level.  At 
point  B  the  meter  shows  a  sharp  de¬ 
flection,  while  at  point  C  the  indi¬ 
cator  reading  rises. 


Experimental  Models 


THIS  MONTH- WESTINGHOUSE  VIBR06RAPH 


The  preliminary  work  on  the 
first  model  indicated  that  it  was 
extremely  sensitive  to  differences  in 
the  medium  being  examined,  pro¬ 
viding  the  surface  layer  was  uni¬ 
form.  Unfortunately,  even  at  600 


Fig.  2 — ^Ltxborcrtory  dummy  UluitiatM 
thot  probe  will  indicate  irreguIaritiM 
imder  the  surface.  Stone  and  metal 
simulate  foreign  particles  embedded  in 
subcutaneous  tissue  but  hidden  by  the 
sufferer's  sldn 


me  the  electromagnetic  field  was 
too  sensitive  to  discontinuities 
within  several  feet  of  the  medium 
under  examination.  Also  the  probe 
housing  both  transmitter  and  re¬ 
ceiver  was  heavy  and  cumbersome. 
Instabilities  indicated  a  need  for 
tuning  of  the  transmitter  and  re¬ 
ceiver  and  provision  for  maintain¬ 
ing  a  more  constant  field. 

The  second  model  was  designee 
to  work  at  a  much  higher  fre¬ 
quency  with  a  more  directive  an¬ 
tenna  system.  A  single  dipole  was 
used  for  the  transmitter  and  a 
single  dipole  for  the  receiver. 
transmitter  and  receiver  were  con¬ 
tained  in  the  indicator  housing  and 
connected  to  the  probe  by  coaxw 
line.  This  resulted  in  a  more 
smaller  probe,  a  major 
ment.  The  housing  of  the  pre®* 
was  drilled  and  tapped  at  manf 
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PORTABLE  POWER  PROBLEMS 


THE  WESTINGHOUSE  VIBROGRAPH— an  accurate  instrument  for 
measuring  and  recording  vibrations — is  one  of  many  time-saving  devices 
powered  by  Burgess  Industrial  Batteries.  Where  sensitive  test  and  con¬ 
trol  equipment  is  regularly  employed,  engineers  specify  Burgess  for  maxi¬ 
mum  quality  and  service.  The  complete  Burgess  Industrial  Battery  line  is 
built  to  meet  every  standard  commercial  requirement.  Your  Burgess 
distributor  can  fill  your  needs  today — write  for  his  name  and  address. 


BURGESS  IS  FIRST  CHOICE  OF  2  OUT  OF  3 

in  recent  nation-wide  survey  of  manufac¬ 
turer  electronic  engineers.  If  you  have  a 
special  battery  application,  Burgess  engineers 
are  equipped  to  develop  the  type  you  need. 
Burgess  Battery  Company,  Freeport,  Ill. 


BURGESS 

BATTERIES 


REMEMBER  THE  WAR  CHEST— GIVE  TODAYI 


•gji  POND’S 


great  ports  leading  to  foreign  markets,  manu¬ 
facturers  locating  here  will  be  at  the  threshold 
of  the  huge  overseas  trade  that  will  develop  dur¬ 
ing  the  great  era  of  peacetime  commerce  ahead. 

Southern  New  England  offers  better  personal  liv¬ 
ing,  too,  for  it  abounds  in  charming  residential 
communities  with  good  schools,  churches,  lakes, 
hills  and  sandy  beaches  — all  close  by. 

In  planning  your  tomorrow,  don’t  overlook 
Southern  New  England— perfect  for  your  new 
or  expanding  business . . .  and  for  your  all-around 
enjoyment  of  life. 

An  industrial  booklet  in  full  color,  “Southern 
New  England  for  Tomorrow’s  Industry’’,  is  yours 
for  the  asking.  Write  to  P.  E.  Benjamin,  Man¬ 
ager  of  Industrial  Development,  The  New  Haven 
Railroad,  80  Federal  Street,  Boston  10,  Mass. 

This  is  one  of  a  senes  of  advertisements  presenting 
the  industrial  advantages  of  Southern  New  England. 


No  matter  where  you  go  in  industrial  Southern 
New  England,  it  won’t  be  long  before  you  come 
upon  the  plant  of  a  well-known  manufacturer. 

For  example,  in  this  section  of  Connecticut,  nation- 
ally-famous  typewriters,  locks,  firearms,  silver¬ 
ware,  brushes,  tools,  safety  razors,  rugs,  vacuum 
bottles,  aviation  engines  and  propellers,  rubber 
goods,  shaving  cream,  soap  and  skin  lotion,  as 
well  as  many  other  products,  are  manufactured. 

Every  one  of  these  products  has  a  name  as  familiar 
as  your  own.  Many  of  them  had  their  beginnings 
here.  Others  have  come  because  of  conditions  fav¬ 
orable  to  manufacturing . . .  generations  of  skilled 
craftsmen;  abundant  power;  fair  taxes;  industri¬ 
ally-minded  banking;  State  and  local  government 
that  grew  up  with  industry  and  understands  its 
problems. 

But  that  is  only  part  of  the  story. 

Southern  New  England  lies  in  the  heart  of  the 
World’s  richest,  most-highly  concentrated  market. 

Within  a  radius  of  500  miles  live  58,000,000  peo¬ 
ple  to  absorb  not  only  Southern  New  England’s 
consumers’  goods  but  her  producers’  commodities 
^the  tools  and  parts  that  go  into  other  industries. 

because  no  part  of  Southern  New  England 
more  than  125  miles  from  tidewater  and  the 
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Serving  SOUTHERN  NEW  ENGLAND  with  a  network 
of  rail  and  highway  transportation  that  puts  every 
manufacturer  “ON  THE  MAIN  LINE’’. 


1^ 
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A  Success  Secret  of 

CAPACITRONS 

The  Capacitron  reputation  for  progressive  de¬ 
sign,  superior  craftsmanship  and  dependable 
service  is  backed  by  a  continuous  research  pro¬ 
gram  covering  every  capacitor  monufacturing 
operation.  No  Capacitron  production  process  is 
ever  given  a  chance  to  become  "standard  pro¬ 
cedure"— it  is  always  an  engineering  project  — 
always  open  for  immediate  improvement. 
Through  this  system  of  method  confix  has  come 
unquestioned  leadership  for  Capacitron  Oil, 
Wax  and  Electrolytic  Capacitors  .  .  .  our  cus¬ 
tomers  call  it  Quality. 

Telephone  VAN  Buren  3322 


7&  CAI’ACITHOM 

849  North  Kedzie  Ave.,  Chicago  51,  Illinois 


The  second  model  gave  a  power 
output  of  seven  watts  from  the 
transmitter;  considerable  of  this 
power  was  lost  in  the  coaxial  line 
to  the  probe.  The  amount  of  power 
and  the  required  sensitivity  for 
such  an  instrument  must  be  deter¬ 
mined  from  further  study. 

A  lower-power  probe  using  a 
wave  guide  in  duplex  as  transmit¬ 
ter  and  receiver  may  solve  some  of 
the  interference  problems  of  earlier 
probes. 


(continu«d) 


points  for  reflectors  to  try  forming 
a  beam.  These  experiments  on  the 
second  model  and  its  directive  ar¬ 
ray  were  never  completed,  however. 


Results  of  Experiments 


From  the  work  done  the  follow¬ 
ing  observations  can  be  made. 


Size-weight:  A  probe  was  de¬ 
signed  to  fit  in  the  palm  of  the 
hand  and  light  enough  to  be  han¬ 
dled  by  one  hand.  Adjustments 
were  made  On  the  front  panel  of  the 
instrument  proper  by  the  other 
hand. 


Interference:  Two  separate  prob¬ 
lems  were  encountered  here,  (a)  in¬ 
terference  due  to  organic  objects 
such  as  the  operator,  and  (b)  inter¬ 
ference  from  surrounding  objects 
of  which  metal  caused  the  greater 
difficulty.  The  use  of  a  more  direc¬ 
tive  antenna,  lower  power,  and  a 
sensitivity  adjustment  on  the  re¬ 
ceiver,  would  reduce  interference. 


Sensitivity:  The  sensitivity  of 
the  receiver,  and  stability  of  the 
transmitter  were  peculiar  prob¬ 
lems.  An  instable  transmitter  was 
critical  to  adjust  and  made  the  most 
sensitive  probe  useless. 


Balanced  Electromagnetic 
Field:  This  problem  was  and  still 
is  the  major  one  and  has  much  to 
do  with  the  phase  relationships 
mentioned  previously.  A  balance  is 
obtained  between  the  portion  of  the 
field  absorbed  by  the  medium  and 
that  reflected  to  the  receiver  an¬ 
tenna  in  the  initial  adjustment  of 
the  probe  at  its  reference  point. 
Variations  from  the  reference  ad¬ 
justment  activate  the  indicator  sec¬ 
tion  of  the  instrument. 


MEDICAL  PROBE 


Further  Study 
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There’s  never  any  doubt  about  either 
stability  or  electrical  efficiency  of  a 
HYDENT  connection.  That’s  why  Fed¬ 
eral  Manufacturing  h  Engineering  Corp. 
of  Brooklyn,  N.  Y.,  selected  Burndy 
HYLUGS  for  the  wiring  harness  of  this 
signal  generator.  Built  to  meet  the  exact¬ 
ing  specifications  of  military  service,  the 
manufacturer  could  take  no  chances  on 
faulty  connections  in  this  equipment. 
HYDENT  connectors  are  virtually  coined 
to  the  conductors  by  the  Burndy 
HYPRESS,  in  one  quick  operation,  thus 
eliminating  costly  and  messy  operations 
involved  in  soldering.  In  addition,  the 
finished  connections  are  easy  to  inspect. 
Why  not  investigate  this  modern,  eco¬ 
nomical  connecting  method  today.  Write 
to . . .  Burndy  Engineering  Co.,  Inc.,  107-L 
Bruckner  Blvd.,  New  York  54,  N.  Y. 


"o 
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NEWS  OF  THE  INDUSTRY 


New  RTPB  offieiak;  receiver  licensees;  standards; 
radar  dkplay;  meeting  schedule;  news  of  Washington; 
FCC  actions;  industrial  activities;  people,  and  awards 


Science  Search:  Man  and  Material 

Because  of  a  predicted  shortage  in  RCA ;  Frederick  E.  Henderson  and 
scientifically  talented  people  with  Roland  H.  McCarthy,  Western  Elec- 
corresponding  training,  Dr.  Van-  trie  Co.;  Charles  M.  Banca,  RCA, 
nevar  Bush,  director  of  OSRD  and  C.  B.  Horsley,  Harvey-Wells 
(Office  of  Scientific  Research  and  Electronics. 

Development)  has  recently  made 
some  proposals  in  a  report  to  the 
President,  a  report  called  “Science, 
the  Endless  Frontier.”  In  it  he  sug¬ 
gests  that  the  armed  services  be 
culled  for  people  who  should  con¬ 
tinue  their  scientific  education  as 
soon  as  possible.  This  would  plug 
up  holes  in  the  ranks  of  science 
caused  by  what  he  describes  as  the 
radical  way  educational  activities  in 
science  were  suspended  during  the  Naval  Research 
war. 

He  also  points  out  that  higher 
education  has  heretofore  been  avail¬ 
able  only  for  those  who  could  afford 
it  and  whether  they  had  talent  or 
not.  His  feeling  is  that  talented 
individuals  in  every  segment  of  so¬ 
ciety  should  not  be  wasted  by  lack 
of  education. 

Specifically,  he  advocates  the  es¬ 
tablishment  of  a  National  Research 
Foundation  consisting  of  nine  mem¬ 
bers  to  be  selected  by  the  Presi¬ 
dent  and  responsible  to  him.  They 
would  be  divided  into  five  sections 
covering  medical  research,  natural 
sciences,  national  defense,  scientific 
personnel  and  education,  and  pub¬ 
lications  and  scientific  collaboration. 

He  sets  the  prospective  cost  at  $33,- 
000,000  at  the  outset  with  a  possible 
gradual  rise  thereafter. 

Meanwhile,  in  Germany,  technical 
specialists  are  searching  through 
the  files  of  German  scientists  to 
be  sure  we  are  fully  abreast  of  all 
types  of  scientific  endeavor.  In  the 
communication  field,  nine  specialists 
were  reported  by  the  Foreign  Eco¬ 
nomic  Administrator  as  having 
been  active  in  investigations.  The 
group  included:  John  A.  Parrott, 

AT&T;  Pierre  Mertz  and  John  A. 

Townsend,  Bell  Labs ;  Todos  M. 

Odarenko,  Federal  Telephone  & 

Radio  Laboratories;  C.  W.  Hansell, 


Admiral  Alex  H. 
Van  Keuren 


Hams  in  Again 

An  announcement  by  FCC  per¬ 
mits  those  amateur  radio  operators 
who  are  in  good  standing  to  return 
to  the  air  at  once,  operating  in  the 
112-116.5  me  band  until  November 
15.  The  shift  to  144-148  me  will 
follow. 


Dr.  Robert  M.  Page 


been  set  up  by  Rear  Admiral  A.  H. 
Van  Keuren,  director  of  the  Naval 
Research  Laboratory,  to  cover  activ¬ 
ities  which  were  formerly  contained 
in  a  single  radio  division  under 
Dr.  A.  Hoyt  Taylor  of  Chicago,  Ill. 
Dr.  Taylor  now  becomes  chief  con¬ 
sultant  and  chief  coordinator  for 
electronics.  Heads  for  the  new  di¬ 
visions  are  as  follows:  fire  control 
division — Dr.  Robert  M.  Page, 


Bringing  top-flight  technical  tal¬ 
ent  into  close  contact  with  fleet  op¬ 
erating  and  maintenance  problems 
is  one  of  the  objectives  of  a  recent 
reorganization  of  the  Naval  Re¬ 
search  Laboratory.  War  experience 
has  dictated  the  changes. 

Four  new  scientific  divisions  have 


Elactronie  controls  automerticolly  regulate  exposure  time  in  this  chest  x-roy  opefO- 
tion  at  McNnlty  Shipyards  In  Brooklyn,  N.  Y.  DoTeloped  by  North  American  Philip* 
Co.,  this  particular  unit  handles  plant  workers  In  ropid-lire  order  taking 
images  on  70  nun  film.  Equipment  wos  prorided  by  the  U.  S.  Public  Health  Serrke 
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S^^ieciaLizetL 
JCnomLetlg^e  amL 

UHF 

DESIGN 


•  The  phenomena  encountered  in 
the  UHF  field  are  in  many  cases  so 
decidedly  different  from  those  true 
of  lower  frequencies  that  many 
manufacturers  find  themselves  in 
urgent  need  of  specialized  UHF 
knowledge,  in  order  to  develop 
equipment  that  will  handle  certain 
specific  conditions. 

•  Since  we  are  specialists  in  UHF 
engineering,  we  are  equipped  not 
onl;^  to  render  technical  advice, 
but  also  to  follow  through  in  the 
actual  production  of  equipment  in 
our  shops. 

•  Of  necessity,  during  the  war 
period,  our  efforts  have  been  con¬ 
centrated  largely  on  Army  and 
Navy  work.  Now  that  peace  is  with 
us,  we  have  adequate  time  to  de¬ 
vote  to  civilian  requirements.  We 
invite  discussion  of  any  problems 
you  may  have  in  the  UHF  field. 


RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE.  N.  J. 


Specialists  in  The  Development  of  UHF  Equipment 

and  in  The  Manufacture  of  UHF  Antennas 
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Superintendent,  St.  Paul,  Minn,- 
special  electronics  research  and  de 
velopment  division — ^John  M.  Miller 
Hanover,  Pa. ;  ship-shore  radio  divii 
sion — L.  A.  Gebhard,  Buffalo,  N. 
Y.;  airborne  electronics— R.  a. 
Gordon,  Hyattsville,  Md. 


Haraden  Pratt 


&  Telegraph  Co.,  New  York;  vice 
chairman,  Howard  S.  Frazier,  Na¬ 
tional  Association  of  Broadcasters, 
Washington ;  treasurer.  Will  Baltin, 
Television  Broadcasters  Associa¬ 
tion,  New  York;  secretary,  W.  H. 
Crew,  IRE,  Hew  York. 


Radio  War  Museum 

The  advertising  committee  of 
RMA  headed  by  John  S.  Garceau, 
Fort  Wayne,  Ind.,  is  proposing  the 
establishment  of  a  national  war  mu¬ 
seum  to  exhibit  radio  and  radar 
equipment. 

Members  of  the  committee  fed 
that  action  should  be  taken  shortly. 
Otherwise  electronic  equipment  may 
be  lost  to  salvage  before  an  organ¬ 
ized  movement  to  preserve  it  can 
be  made. 

As  a  memorial  to  the  important 
role  of  heroic  radio  and  radar  oper¬ 
ators,  gear  from  historic  battles 
should  simultaneously  serve  as  a 
tribute  to  the  technological  achiev^ 
ments  of  the  electronics  industry. 


New  Receiver  Makers 

Licenses  have  been  issued  by  RCA 
to  permit  receiver  manufacturini 
by  a  number  of  new  concerns. 
present  total  is  105,  a  figure  whiff 
can  be  compared  with  the  54  mann- 


RTPB  Election 


For  the  term  running  from  Oct.  1, 
1945  to  Sept.  30,  1946,  the  adminis¬ 
trative  committee  of  RTPB  (Radio 
Technical  Planning  Board)  has 
elected  the  following  officials :  chair¬ 
man,  Haraden  Pratt,  Mackay  Radio 


iiii:  r_  :io 

CORPORATION 

833  W.  Jackson  Blvd.  •  Dopt.  24-K-5  *  Chicago  7,  Illinois 

SUPPLIERS  OF  ELECTRONIC  PARTS  AND  EQUIPMENT  TO  INDUSTRIAL  AMERICA 
ElMtronic  Tub«s,  Rectifiers,  Power  Supplies,  Intercommunicsting  Systems,  Sound  Systems,  Photo-Cell  Equip¬ 
ment,  Butteries,  Chergers,  Converters,  Generators,  Supplies  for  Resistance  Welders,  Fuses,  Test  Instruments, 
Meters,  Broadcast  Station  Equipment,  Relays,  Condensers,  Capacitors,  Resistors,  Rheostats,  Transformers, 
Switches,  Coaxial  Cable,  Wire,  Soldering  Irons,  Microphones,  Speakers,  Technical  Books,  etc. 


WRITE,  WIRE,  OR  PHONE  HAYMARKET  6800 
for  Everything  in  Radio  and  Electronics 


Thordarson 

Sloncor 

Sola 

Oonoral  Radio 
UTC 

Suporior 
Morit  Coil 
Knight 
Gonoral 
Transformor 
Acmo 

Pionoor  Eloctric 
Croat 


Large  and  varied  stocks  are  maintained  for  rush 
service.  Close  contact  with  manufacturers  expedites 
procurement.  This  complete  service  saves  time  and 
work.  That’s  why  thousands  call  ALLIED  First! 


It’s  simpler,  faster  to  get  your  transformer  needs  from 
this  one  central  source.  Here,  under  one  roof,  are  all 
the  leading  makes,  in  all  the  wanted  types: 


Power  •  Adjustablo  •  Voltage  Regulating 
Step-up  and  Step-down  •  Plate  and  Filament 
Audio  Input  •  Interstage  and  Output  e  Modulation 
Driver  •  Microphone,  Line  and  Mixing  Transformers 
Filter  and  Swinging  Chokes  •  Audio  Reactors 
Fluorescent  Lighting  Ballasts 


Helpful 

BUYING 

GUIDE 

Available 
on  Request 
Write  for  it! 
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Dow  Coming  996  is  an  electrical  impregnat¬ 
ing  vamish  for  low  temperature  baking. 

Dow  Coming  996  was  developed  to  provide 
manufacturers  of  new  equipment  and 
rewinders  of  old  equipment  with  a  heat  resist¬ 
ant,  waterproof  sihcone  vamish  which  can  be 
cured  at  temperatures  obtainable  in  ovens  now 
used  for  curing  organic  insulating  varnishes. 

Dow  Coming  996  is  used  as  the  dipping  or 
impregnating  vamish  for  equipment  wound 
with  typical  silicone  insulation  components. 
These  include  Fiberglas  cloth,  tape  and  sleev¬ 
ing  varnished  with  DC  993;  silicone  bonded 
mica-Fiberglas  for  ground  insulation;  sihcone 
bonded  Fiberglas  served  magnet  wire;  sihcone- 
Fiberglas  laminated  coil  separators  and  slot 
sticks,  and  Silastic*  coated  lead  wire. 

Electrical  equipment,  wound  with  sihcone  in¬ 
sulating  components  and  sealed  by  impreg¬ 
nating  with  DC  996,  will  have  the  high  order 
of  thermal  stabihty  and  retention  of  water¬ 
proofness  characteristic  of  sihcone  insulation. 

Dow  Coming  996  thus  enables  all  types  of 
electrical  shops  to  realize  the  advantages  of 
sihcone  insulation.  It  is  recommended  for  use 


in  equipment  which  is  to  be  operated  at 
temperatures  up  to  175°C.  (347°F.).  For  higher 
operating  temperatures,  or  extremely  severe 
service  conditions,  DC  993  should  be  used 
throughout.  The  same  methods  of  dipping, 
spraying,  or  vacuum-pressure  impregnating 
that  are  used  for  applying  conventional 
organic  varnishes  can  be  used  with  DC  996. 

raOPIRTIES— Dow  Corning  996  is  furnished  as  a  50  per 
cent  by  weight  solution  in  an  aromatic  solvent  and  has  a 
viscosity  of  2  to  5  poises.  In  this  consistency  DC  996  is 
suitable  for  impregnating  electrical  equipment.  It  can  be 
reduced  to  any  desired  viscosity  with  aromatic  naphtha. 

Dow  Corning  996,  when  coated  on  metal,  air  dries  to  a 
slightly  tacky,  soft  film.  Baking  the  coated  panel  at 
150°C.  (302°F.)  for  a  period  of  four  hours  will  cure  the 
coating  to  a  non-flowing,  tack-free,  flexible  film.  DC 
996  has  ample  heat  stability  for  continuous  use  at  tem¬ 
peratures  as  high  as  175°C.  or  for  intermittent  use  at 
higher  temperatures. 

ELECTRICAL  PROPERTIES  OP  DC  996— (measured  on  coated 
panels  at  25*C.  and  50%  relative  humidity.) 

Dielectric  Strength,  volts  per  mil . 1500  to  2000 

Dielectric  Constant,  at  1000  cycles . 3.0 

Power  Factor,  at  1000  cycles . 0-7% 

DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 

NEW  YORK  OFFiCE:  EMPIRE  STATE  BUILDING 


OfSTRIBUTfD  BY 

Electrical  Specialty  Co . San  Francisco 

Prehler  Electrical  Insulation  Company . Chicago 

Insulation  Manufachirers  Corporation . Chicago 

Insulation  and  Wires,  Incorporated . St.  Louis 

Mica  Insulator  Company . Schenectady 

National  Electric  Coil  Company . Columbus 

Westinghouse  Electric  Corporation 
Insulation  Section,  t^carta  Division  ....  Trafford,  Penna. 


*  Trad*  nam*  lor  Dow  Coininu  Silicon*  Rabb*r 
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As  necessary  to  perfect 
Amplifier  performance  as 
the  fourth  leg  to  a  dog! 

You  can’t  have  perfect  performance  in  amplifying  or  other 
speech  transmission  without  knowing  the  efficiency  and  per¬ 
formance  of  each  unit  in  the  installation. 

With  a  Variaten  Gain  Set  you  can  (1)  measure  the  total 
amplification  of  an  amplifier;  (2)  measure  the  gain  at  all  fre¬ 
quencies  to  determine  whether  there  is  discrimination  against 
any  part  of  the  frequency  spectrum;  (3)  measure  the  power 
output  of  any  amplifier;  (4)  measure  frequency  response  of 
transmission  lines  in  absolute  quantities;  (3)  check  all  control 
equipment— in  fact,  quickly  make  a  quantitative  analysis  of  any 
part  of  the  audio  frequency  spectrum. 

Unvarying  accuracy  is  all-important.  Variaten  Gain  Set,  Type 
1901-B  (shown  above)  has  a  flat  frequency  characteristic  of  0 
'  to  20  kilocycles,  and  leakage  is  guaranteed  to  he  less  than 
1/lOth  db.  (Measurements  have  been  made  at  frequencies  as 
high  as  100  kilocycles  with  practically  no  error.) 

Variaten  Gain  Set  1901-B  is  equipped  with  both  send  and 
receive  impedaiKe  matching  controls  for  both  Straight  T  and 
Balanced  H  circuits.  This  dependably  accurate  instrument  can 
be  supplied  with  either  one  or  two  meters. 

Write  today  for  complete  data  on  Type  1901-B  and  other 
Variaten  Gain  Sets. 


Other  Variaten  products— 
Attenuators,  Mixers,  Rests- 
tors.  Matching  Pads  and  other 
precision  sound  equipment 
meet  the  most  exacting  speci¬ 
fications.  Catalog  on  request. 


H 


CINEMA  ENGINEERING  CO. 

Established  1935  •  Burbank  •  California 


facturers  who  were  licensed  befi 
the  war. 

The  new  licensees  include: 
stal  Products  Co.,  Kansas  City  Mi 
Electrical  Research  &  Mfg.  Ck).  jl 
Angeles,  Calif.;  E.  W.  McGf^ 
Mfg.  Co.,  Kansas  City,  Mo. ;  Mpg  J 
Corp.,  Los  Angeles,  Calif. ;  NatioT 
Scientific  Products  Co.,  Chicagf 
Precise  Developments  (!k).,  Chicagi 
Premier  Tool  &  Instrument  CorJ 
New  York,  N.  Y.;  Radio  Procpi 
Co.,  Los  Angeles,  Calif.;  RJ 
Energy  Radio  &  Television  Corj 
of  America,  New  York,  N, 
Scientific  Radio  Products  C!o.,  Cou 
cil  Bluffs,  Iowa ;  Searle  Aero  Indu 
tries,  Inc.,  Orange,  Calif.;  Sip 
Electronic  &  Mfg.  C!o.,  New  Yor 
N.  Y.;  Tech-Master  Products  0: 
New  York,  N.  Y. ;  Electrical  E 
gineering  Co.,  Los  Angeles,  Calil 
Whiting  &  Davis  Co.,  Plainvil! 
Mass. 


Radio-Shows  Oi^anization 

Sponsorship  and  operation 
shows  for  the  radio  parts  industi 
will  be  handled  on  a  non-profit  basi 
by  a  new  corporation  called  Radi 
Parts  and  Electronic  Equiprnea 
Shows,  Inc.  The  group  has  b€i 
formed  as  a  result  of  a  resoluti 
by  the  Radio  Parts  Industry  Cooi 
dinating  Committee. 

Merged  in  the  new  group  will 
the  Radio  Parts  Industry  Nation| 
Trade  Show  and  the  Electronic  I 


r 


Fron 


Radio  officer  graduates  of 
Maritime  Service  Radio  Trainin?  S- 
tion.  Gallups  Islond.  Boston. 
who  hove  lost  their  lives  in  lb* 
ice  of  their  country  are  memoriaB**^ 
by  this  dramatic  monument.  R*** ' 
is  being  inspected  by  Lt.  Coodr. 

W.  Larsen,  administrative  officer 
station;  Commodore  Telfoir 
Commandant  of  the  U.  S. 
Service;  and  J,  A.  Clark,  E**®** 
Officer  of  the  station 
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IT’S  THE 


KNOW  NOW 


THAT  MAKES  THE  DIFFEREMCE 


i®!ailS3gSK  ^  I1S3® 

***iiHlE  ELECTRONICS  STAMFORD.  CONN. 


®^N0NICS  —  Oc/ofcer  194S 


From  the  game  basic  ingredients  can  come  many 
different  results,  some  excellent,  some, .  .  .  well  not 
M  good.  Whether  it^s  cakes  or  regulators,  it’s  the 
“KNOW  HOW”  that  counts. 

The  engineering  staff  of  Sorensen  and  Company, 
Inc.  have  developed  a  new  idea  in  voltage  r^ula- 
hrs.  Models  IK,  2K,  and  3K,  will  meet  90%  of 
^  the  requirements  and  applications  of  voltage 
Kgnlators. 

The  60  cycle  models  IK  and  2K,  covw  power  re- 
inirements  from  100  to  2000  watts.  The  400  cycle 
model,  3K  handles  powers  from  50  to  500  watts — 
(they  are  not  resonant  type  regulators  .  .  .  auto¬ 
matic  voltage  control  is  accomplished  by  electronic 
means).  Voltage  control  stability  is  better  than  plus 


or  minus  ^  of  1%  for  input  variations  of  from 
90  to  130  volts. 

The  60  cycle  models  are  constructed  for  rack  or 
cabinet.  The  400  cycle  model,  3K,  is  in  shock 
mounts.  All  the  regulators  are  outstanding  be¬ 
cause  frequency  variation  does  not  affect  the  reg¬ 
ulation  factor. 

Sorensen  and  Company,  Inc.  likewise  offers  volt¬ 
age  adjustable  transformers  in  ratings  from  500 
V.A.  to  1500  V.A.  These  models  known  as  INCRE- 
VOLT  controls  are  capable  of  providing  voltage  in 
increments  as  small  as  ONE  TENTH  VOLT,  in  a 
range  of  from  0  •  130  volts. 

We  arc  the  only  source  for  lightweight  aircraft 
transformers  which  feature  the  Fosterite  and  oil 
filled  units. 


m  nuncii  H*n 


ll«E  CWlIKH, 


Electric  Co. 


Poncher, 
treasurer ;  and  J.  J.  Kahn,  Standard 
Transformer,  secretary.  Plans  call 
fox'  the  appointment  of  a  show 
manager  on  a  full-time  basis  wHli 
the  expectation  that  a  convention 
might  materialize  by  October  1946. 


X-Ray  Standard 

For  industrial  use  of  x-rays,  a  new 
safety  code  has  been  completed  by  a 
War  Committee  of  ASA  (American 
Standards  Association).  It  is  ex¬ 
pected  that  the  code  will  form  the 
peacetime  standard 


Model  636  Dynan 
Tube  Tester 

With  Built  In  Rotary  Tube  Chart 


basis  for 
which  will  likewise  be  devoted  to 
the  job  of  protecting  industrial 
users  of  x-ray  against  tissue  dam¬ 
age.  Previous  standards,  particu¬ 
larly  those  applicable  to  the  medical 
field,  have  been  published  by  the 
National  Bureau  of  Standards.  In¬ 
creasing  use  of  x-ray  equipment  in 
the  one-  and  two-million  volt  classi¬ 
fications  indicates  the  need  for  pro¬ 
tection  beyond  that  required  for 
medical  practice. 


Tops  in  design  and  performance  in¬ 
cluding  the  latest  Jackson  patented 
switching  circuits. 

Modern  in  every  feature  of  con¬ 
struction,  appearance  and  operation. 

Complete  with  every  valuable  fea¬ 
ture.  Up  to  date  for  all  newest  tube 
types. 


is  protected  against  obsolescence  in  every 
possible  feature. 

Roll  Chart  tube  index — simplifies  correct 
settings. 

Full  Range  Filament  Selection — marked  di¬ 
rectly  in  volts. 


Bench  Model  636-B  (illustrated)  is 
installed  in  welded  steel  cabinet. 
This  instrument  is  also  furnished 
(portable  model  636)  in  a  French 
grey  leatherette  case  with  removable 
lid — matched  in  dimensions  and  fin¬ 
ish  to  other  testing  instruments  in  the 
Jackson  line.  It  can  be  assembled  with 
them  in  the  Jackson  Service  Lab.  Buy 
now  with  an  eye  ahead  —  on  a 
matched  Jackson  testing  set. 

*TIIAD£  MARK  REG. 


West-Coast  Relay 

Applications  have  been  filed  by  In- 
Business  Machine! 


"Dynamic"  Method  of  Test — Makes  a  bet¬ 
ter  test  on  every  tube.  The  "Dynamic” 
method  is  more  accurate,  frequently  finding 
"poor”  tubes  which  might  pass  for  "good” 
in  ordinary  testers. 

Tests  All  Tubes — All  of  the  popular  receiv¬ 
ing  types  and  television  amplifiers,  includ¬ 
ing  Bamlams — Loctals — Single  Ended — 
High  Voltage  Filament  Types  and  Minia¬ 
tures.  Provision  for  many  more.  The  tester 


ternational 
Corp.  for  FCC  permission  to  buiM 
terminal  stations  in  Los  Angela 
and  San  Francisco  as  part  of  an 
experimental  radio-relay  network. 

According  to  information  re- 


BUY  WAR  BONDS 


AND  STAMPS  TODAY 


Sion  to  provide  three  cnann 
each  direction. 

Located  within  sight  of 


other,  the  towers  will  be  spaced  50 
electronics 
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CONVERT  WAR  AMPLIFIERS  TO  CIVILIAN  USEFULNESS  AND 

MAKE  A  PROFIT 


R.F.C.  Material 

BC-605-D  AUDIO  AMPLIFIER 


Specifications:  Two  stage  cascade  ampiifier.  Chassis 
and  ilipK>ff  cover  of  18  gauge  steei.  Cadmium  piated. 
Ovtiide  finish  oiive  drab  baked  enamei.  Dimensions: 
11)^*  high,  6%"  wide,  12y2"  deep.  Totai  weight  231/1 
bt.  Access  at  front  to  a  spares  compartment,  5"  x  6% 

1 714"  suitable  for  locating  vibrator  or  small  transmitter. 
Input  Impedance:  At  400  cycles,  200  ohms;  at  1000 
cydes,  300  ohms. 

Output  Impedance:  Two  secondary  windings  on  out¬ 
put  transformer  with  one  high  for  minimum  3,500  ohm 
bad  with  wired-in  "T"  pod  attenuator,  (control  on  front) 
ond  one  low  for  8  ohm  load  (no  control). 

Output  Power:  At  350  volts  plate;  nominal  4  watts, 
eoximum  5  watts. 

Input  Requirements  for  Maximum  Output:  minus 
Udb. 


lube  Compliment:  Two  type  RCA  1619. 

^ower  Requirements:  low  voltage,  1 2V  or  24V  DC. 
High  Voltage,  up  to  350  volts.  Filament  and  bios  con. 
weption  nominally  2  amps.  Plate  and  screen  drain  at 
MO  volts  is  75  to  80  milliomperes. 

Oetigned  for  attachment  of  a  No.  DAA-34-D  12  volt  or  a 
0M-36-D  24  volt  dynomotor  which  may  be  ovoiloble 
another  source.  An  18  contact  mole  receptacle  at 
for  connection  to  dynomotor. 

Panel:  One  filament  OFF  and  ON  switch;  One 
I'olua#  control;  One  indicator  lamp;  One  fuse;  One 
for  single  button  carbon  microphone;  and  one  4 
connector  for  magnetic  microphone;  two  jacks  for 
impedance  head  phones.  (Current  for  carbon  micro- 
is  provided  as  integral  port  of  the  amplifier  cir- 
*••*.)  A  second  30  contact  mole  receptacle  is  mounted 
d  rsor  of  cabinet  for  connection  to  external  microphones 
*  dher  units  when  used  as  an  inter-corn,  system. 

J*9^sted  miaophones  to  use:  WEJ  201  carbon  or 


WIJJ02 


dugnetic  Headphones,  any  good  make,  1000 


■  impedance  and  up. 

.  ****^  wiring  readily  accessible  for  alterations 

other  use  ond  space  for  addition  of  one  or  two  tubes 
"  toquired. 


The  large  volume  of  released  electronic  equipment  no 
longer  needed  by  our  armed  forces  is  a  challenge  to  the 
inventive  genius  of  the  electronic  industry.  Help  to  pre¬ 
vent  waste.  Apply  your  skill  and  ingenuity  to  the  problem 
of  converting  some  of  this  war  equipment  to  meet  civilian 
needs. 

Consider  the  possibilities  of  this  inter-comm  amplifier.  It 
was  built  to  lead  a  rugged  life  in  U.S.  Armored  Division 
Tanks.  Easily  converted  for  announcing  use  in  motor  buses, 
police  or  fire  department  vehicles;  yacht,  motor  boat  or 
fishermen’s  loud-hailers.  It  has  space  in  the  spares  com¬ 
partment  for  a  micro-wave  transmitter.  Or  perhaps  you 
have  a  better  idea. 

Available  in  large  quantities.  New  —  packed  in  original 
cartons.  Immediate  delivery.  Send  for  a  sample.  Look  it 
over  and  experiment  with  it.  Price  $10.00,  f.  o.  b.  San 
Francisco.  Make  checks  or  money  orders  payable  to 
Remler  Company  Ltd. 

REMLER  COMPANY  Ltd.  *2101  Bryant  St.  •  San  Francisco,  Calif.  ^ 

Agent  for 

Reconstruction  Finance  Corporation 


REMLER 

SINCE  1918 

•flnnouncin^  Communication  Ccj^uipmcnt 


®^RONlCS  — Ocfobw  1945 


329 


Facts  You  Should  Know  About 


C.fn.H.  Stainless  Steel  Bellows 


TF  you  plan  to  use  bellows  for 
vacuum  equipment,  instru¬ 
ments,  rotating  shaft  seals,  or  for 
other  similar  purposes  in  the 
electronic  field,  here  are  some  es¬ 
sential  features  of  C.  M.  H.  Stain¬ 
less  Steel  BELLOWS: 


6,  Long  longfht  aro  ttenJard  production  pnt~ 
milting  •conemicol  us*  of  C.M.H. 
Slainiatt  St**i  BELLOWS  for  many  utH 
usual  typ*s  of  applications. 

7*  Bottor  doUvory  $chodufo$  aro  possibi* 
bocaus*  C.M.H.  BELLOWS  or*  slondorU 
production  products. 


1«  CorrosioR  rosisfnid  gvofMos  of  stcdnloss 
stool  onobl*  widor  application  of 
C.M.H.  BELLOWS. 

2.  High  and  low  fongwrofums  do  not  affoct 
Ih*  oporoting  officioncy. 

3.  Multipin  ply  ennatruetlon  givos  ovon 
grootor  strongth  factors  whon  no*d*d. 

4.  Forroui  fktingo,  oltachod  by  Circular 
Soam  Wolteg,  assur*  pormanont,  loak- 
proof  foints. 


For  complete  information  about 
CM.H.  Stainless  Steel  BELLOWS 
and  about  the  many  types  of  Flex¬ 
ible  Metal  Hose  in  the  complete 
C«M.H.  line,  write  us  today. 


Ask  for  Chicago  Metal  Hose 
Form  SSB2  on  which  to  submit 
your  bellows  requirements.  It  will 
save  you  time — assure  more  accu¬ 
rate  transmittal  of  essential  data. 


rPlantst  Maywood  and  Elgin,  IN* 


to  60  miles  apart  where  mountain 
tops  are  available,  but  in  level  coun¬ 
try  the  distance  will  be  reduced  to 
about  30  miles.  The  relay  will 
handle  two  two-way  television  pro¬ 
grams,  four  full-fidelity  sound  chan¬ 
nels  for  f-m  broadcasting,  two 
radiophoto  or  facsimile  channels 
and  120  business-machine  channels. 

Industry  Predictions 

Making  a  study  among  1406  indi¬ 
vidual  manufacturers  and  158  trade 
associations  with  more  than  20,000 
members,  the  Marketing  Committee 
of  CED  (Committee  for  Economic 
Development)  concludes  that  Amer¬ 
ican  manufacturers  plan  to  produce 
41.6  percent  more  goods  in  1947 
than  they  did  in  1939.  At  the  1939 
price  level,  the  totals  are  $56,843,- 
000,000  against  $80,518,000,000. 

Electrical  machinery,  the  classi¬ 
fication  including  durable  goods 
products  in  the  electronic  industry, 
was  valued  at  $1,727,400,000  in  1939 
and  is  estimated  at  $2,698,000,000 
for  1947,  or  an  increase  of  56.2  per¬ 
cent. 

NAB  Engineering 

Among  a  number  of  new  commit¬ 
tees  appointed  by  NAB  (National 
Association  of  Broadcasters)  is  an 
engineering  executive  committee 
consisting  of  G.  Porter  Houston, 
WCBM,  Baltimore,  Md.  (chair¬ 
man)  ;  J.  B.  Fuqua,  WGAC,  Au¬ 
gusta,  Ga.;  p.  B.  Hanson,  NBC, 
New  York,  N.  Y. ;  Karl  B.  Hoffman, 
WGR,  Buffalo,  N.  Y.;  and  William 
B.  Lodge,  CBS,  New  York,  N.  Y. 

Insulator  Standards 

Revised  tests  are  included  in  a  cur¬ 
rent  revision  of  the  ASA  (American 
Standards  Association)  standard  on 
insulators  for  supporting  electrical 
conductors.  The  new  standard, 
C29.1-1944,  is  a  revision  of  AIEE 
Insulator  Tests  standard  No.  41,  of 
March  1930,  also  listed  as  ASA 
C29a-1930.  The  work  includes  pin- 
type,  suspension,  switch  and  bus, 
guy,  spool,  wire  holder,  bushing, 
and  tube  insulators. 

Test  data  cover  60-cycle  wet  and 
dry  fiashover,  puncture,  corona, 
high-frequency  fiashover,  low-fre¬ 
quency  withstand  voltage,  impulse 
withstand  voltage,  impluse  flash- 
over  voltage,  and  radio-influence 


S.  LW-mofo/  mnomUioo  avoid  tho  costly 
troublo*  oocountorod  whor*  U-motal 
lypot  iMO  utod. 


Fl.>vibl*  Me^ol  He<*  for  Every  Industrial  Use 


CHicnoo  mEniLHOSf  ComI^ioi 

■  ■  ■  ■  ■  (DflVUIOOD,  lUINOIt 
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U.H.F.and  other  measurements,  easily,  quickly— at  your  fingertips 


with  the  new  Reiner  Model  451 

VacuaiiiTM^^ 

t  \  and  Model  101 

3  I^XAmplifier 


A,  C.  VOLTS:  0  —  .025  -^,1  —  .25  (with  amplifier)  —  \ 

i.5_  10-25-^  100-  250-  1000 
D.  c.  VOLTS:  0  -  2.5  -  10  -  25-  100-  250  -  1000 
D.  c.  CURRENT:  0  —  2.5—10  —  25  —  XJO  —  250  —  1000  Ma. 
OHMS:  1  ohm  to  1 000  megohms 

A.  c.  FREQUENCY  RANGE:  1 0-5000  cps;  (with  amplifier)  —  50  cps. 

to  700  megacycles  ' 

ACCURACY:  2%  on  full  scale  —  D.  C.  volt,  ohm  and  current;^ 

2%,  50  cps  to  50  megacycles,  A.  C.  volt;  5  Vo  ^ 

'  accuracy  entire  A.  C.  frequency  range 


OTHER  FEATURES 


Wide  Frequency  Range  •  High  Input 
Impedance  •  One  Linear  Scale  for  all  Voltage  and  Current  Scales 

•  Wide  Voltage  Range  •  Single  Zero  Adjust  for  all  A.  C.  and 
D.  C.  ranges  •  Voltage  Regulated  Supply  —  Stable  Operation 

•  Accuracy  2%  of  full  scale  values  •  Large  Overvoltage  Capacity 

•  Compartment  for  Accessories  prevents  losing  or  mislaying  them ; 

•  Many  other  time-saving,  convenience  features 


muutL  complete  with  Amplifier  Model  101 

'  weighs  20  lbs.;  Size:  lOVs"  x  9"  x  8''. 

Por  more  information  on  this  and  other  Reiner  equipment  such  as 
square  wave  generators,  oscilloscopes  and  signal  generators,  write 
Leiner  Elearonics  Co.,  Inc.,  152  W.  25th  St.,  New  York  1,  N.  Y. 

®^R0NICS  — October  f945 


More  than  twenty  years  ago  Chace  developed 
and  introduced  thermostatic  bimetals  made  of 
nickel'chrome  steels,  which  had  a  longer  life 
at  high  temperatures  than  earlier  type  bimetals 
made  of  other  alloys. 

As  a  result,  the  manufacturer  of  temperature 
responsive  devices  was  enabled  to  get  a  more 
lasting  actuating  element  and,  in  consequence, 
to  produce  a  dependable  and  more  enduring 
appliance  or  control.  Chace  Thermostatic  Bb 
metal  thus  became  **the  heart”  of  many  lead- 
ing  temperature  indicating  and  controlling 
devices  whose  sales  volume  steadily  increased. 

Developed  in  years  of  peace,  Chace  bimetals 
became  vitally  important  in  war,  as  did  the 
knowledge  of  our  engineering  and  fabricating 
divisions,  in  the  application  of  bimetal  to 
many  precision  controls. 

This  knowledge — now  fortified  by  additional 
hard'won  experience — ^will  again  be  freely 
offered  to  manufacturers  wishing  to.  refine 
present  designs  or  to  bring  out  new  develop* 
ments  • 


wmCHACEcq 

Thermostatic  Bimetals  and  Sj^ial  Alloys 

1630  BEARD  AVE  •  DETROIT  9/  MICH. 


CHACE^IMEfAlS 


are  made  in  IS  Specific  Types 

one  of  which  should  precisely  fit  your  needs 


voltage  tests.  Data  covers  physical 
factors  such  as  mechanical  and  elec¬ 
trical  strengths,  thermal  charac¬ 
teristics,  and  dimensions. 

American  Standards  Association 
is  located  at  70  East  45th  St.,  New 
York  17,  N.  Y. 

§urplu8  Equipment 

SPB  (Surplus  Property  Board) 
estimates  that  there  will  eventually 
be  thrown  on  the  market  radio 
equipment  and  components  totalling 
about  $3,000,000,000.  Some  types  of 
equipment  may  have  a  somewhat 
nebulus  merchandising  future  such 
as  $5,000,000  worth  of  special  tubes, 
currently  surplus.  Although  they 
have  no  civilian  possibilities  at 
present,  they  may  very  well  be  use¬ 
ful  to  amateur  operators  when  they 
are  once  again  on  the  air. 

Mobile  Radio  Service 

Grants  are  being  offered  by  FCC 
for  experimentation  in  two  classes 
of  mobile  service  for  which  fre¬ 
quencies  have  been  designated.  In 
these  two  classes,  24  channels  were 
allocated  for  urban  mobile  service 
in  the  152-162-mc  region  and  40 
channels  were  set  aside  for  general 
highway  mobile  service  in  the  30-40 
and  42-44-mc  regions. 

Where  the  facilities  are  to  be  used 
to  obtain  factual  data  relative  to 
needs  and  requirements  of  the  pro¬ 
posed  service  and  to  collect  informa¬ 
tion  which  might  be  useful  in  de- 


TUa  scroll  of  greeting  being  held  by 
Professor  Robert  Chambers,  president 
of  the  Union  of  American  Biological 
Sciences;  Dr.  Harlow  Shopley.  director 
of  the  HoTTord  College  Obserrotory; 
and  Professor  Harold  C.  Urey.  Columbia 
UniTersity.  was  presented  to  the  Ao^ 
emy  of  Sciences  of  the  U.  S.  S.  » 
during  that  organisation's  RROth-on* 
niversary  ceremonies  in  Moscow  during 
June.  It  was  prepared  under  the  as- 
spices  of  the  Independent  Citizens  CoS’ 
mittee  of  the  Arts.  Sciences,  oad 
Professions 
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BL“ 

METALLIC 

^RECTIFIHRS^ 


SELENIUM 

COPPER  SULPHIDE 

A  few  B‘L  Rectifier 
applications  are  Ulus- 
trated  below: 


AUTO  RADIOS 


PIPE  ORGANS 


nRE  TRUCKS 


MACHINES 


B-L 


METALLIC  ELECTRICAL 
RECTIFIERS  (copS'^^iob) 

offer  you  these  advantages: 


They  are  COMPACT 

For  a  given  power  output  the  space  required  by  metallic  r^fiers  is 
very  small. 


They  are  SILENT 

B-L  Rectifiers  are  silent  in  operation  and  have  no  mo' 


They  are  DEPENDABLE 

Dependability  is  assured  by  their  simple  and  ruggedco^ 
which  no  glass  bulbs,  filaments,  or  other  fragile  parts  are 


Niction,  in 
employed. 


They  are  TROUBLE-FREE  / 

Regular  maintenance  and  attention  are  i^pn^ifessary.  / 

rL  f  ' 

They  are  RUGGED  /  / 

B-L  Reaifiers  are  rugged  and  will  withstand^liiaVy  overloads  for  sh 
periods  of  time.  ni  olfiiofiiFfj  i 

1 

They  are  ADAPTABLE  ^  ’>  j 

B-L  Rectifiers  are  adapuble  for  power  bht^Uts’ '^fom  Milliwatt^ 


20  N.  Wocker 

Designers  and  Manufacturers  of  Selenium  dnd~^ofiperj^f^i<fel^ 
Battery  Chargers,  and  I>C\  flower  Simpfias -Ibf  pr&fica/V 

'  *  a  98  ..via  o^olfiollA  .  3  .M  fcvvsluo3  8TC  .III  .t  oc  '  rt  '  ] 

.  b«  illuomior  Ot  oM  .*'«o3  -•''A  8fOA  nnlM  .C  i.l««|0»nniM  J 


nOQ''5  ‘« 

.18  nomvcH  aid 
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Instrument  Rectifier  and  a  Balanced 
Resistance  network  in  one  convenient 


.b^^olqms  9i£  ensq 


Conant 


\  \  off!  Now,  Conant  can  give  you  this 

new  development  that  meets  the  demands 
4l  ‘hat  involve  the  balanced  bridge 

j  1  principle  in  AC  operation. 


I  j  A  striking  example  of  Balac’s  many  uses  is  the 

LJilliM  qfe^ndard  Wheatstone  bridge 

I  instruments  to  AC.  AC  accuracy  and  performance 

Y  become  equal  to  DC  operation  on  the 

indication  s  never 

jBHj\vbjlil  nfidi  310H1  21 3l  .Eiaqn  r  . 

•mviV  frequency,  wave  form 

^  V  nballjia 

I  No  priorities  necessary~no  waiting.  Write  today 

/^BW  MtfWiMaWfctiM  WfclBatfeQ  »bv  Conant. 

.18 . J991 


6500  0  STREET,.  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


w*y  w.,  N#W  York  /,  New  York  n  2047  Grond  Ave%  Kowfi  City  8|JAo.  J  5M  lew  Denver,  Colo. 

wBove  x»ooib&i6|si^iii^qa^9>4&ncJih^&bDr.,Lon 

. n.  /•  A»o..  Chicago  5,  III.  '  378  Boulevard  N.  E..  Atlonto,  Go.  Export  Div.,  89  Brood  St..  N.  Y.  4,  N.  Y. 

1415  Harmon  rl.p  Mirtneapollt  3,  Mbm.  401 8  Groor  Avo^  $t.  louis«  Mo.  50  Yormovth  Rd.#  Toronlo,  Canada 


During  th«  noxl  oceupotioa  oi  HoUoni 
patriots  of  the  underground  built  aoi 
operated  this  tiny  clandestine  receiw* 
to  pick  up  yerboten  newscasts.  Usia?  <* 
selenium  rectifier' in  place  of  the  ctf- 
tomary  electron  type,  the  circuit  w® 
ynergized  from  a  bicycle  generator  (usl 
formed  with  components  "llberoted  o' 
the  PhUips  Radio  Works  during  ^ 
raids — the  only  time’  nazl  guard 
was  relaxed  sufficiently  to  make  tk® 
£eosible 


f 


ELECrn'CA! 


ciding  the  eventual  method  of  oper¬ 
ation,  a  limited  number  of  author¬ 
izations  will  be  permitted.  How¬ 
ever,  the  Commission  will  not  give 
any  assurance  that  the  licensees 
will  be  authorized  to  operate  sta¬ 
tions  in  the  new  service  when  it  is 
Anally  established. 

Experimental  authorizations  have 
already  been  introduced  in  the  gen¬ 
eral  mobile  radio  service  to  South¬ 
western  Bell  Telephone  Co.,  St. 
Louis,  Mo.  and  Yellow  Cab  Com¬ 
panies  of  Cleveland,  Ohio  and  Wash¬ 
ington,  D.  C.  Other  applications 
are  on  file  from  Bell  System  Com¬ 
panies,  Highway  Radio,  South¬ 
western  Bell  Telephone  Co.,  Ray¬ 
theon  Mfg.  Co.,  Air  Associates,  Inc., 
Pacific  Freight  Lines,  U-Drivit 
Auto  Rental  Co.,  Bendix  Aviation 
Corp.,  Tanner  Motor  Livery,  Ltd. 
and  Federal  Telephone  &  Telegraph 
Co. 


*Thcaler  Loudspeakers 


Under  the  sponsorship  of  the 
Academy  of  Motion  Picture  Arts 
and  Sciences  a  series  of  tests  is 
being  conducted  to  provide  for  mea: 
suring  the  efficiency  of  theater  loud¬ 
speaker  systems. 

Because  previous  power  specifi¬ 
cations  have  been  based  on  ampli¬ 
fier  characteristics  alone,  it  has 
been  impossible  to  specify  effective 
acoustical  power  in  a  theater  audi¬ 
torium. 

Such  standards  will  be  useful  in 
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TUNG.  SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 
Also  Manufacturers  of  Minuuure  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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The  early  camera  addict  had  to  be  both  patient  and 
rugged.  He  carried  a  bulky  camera  in  one  yellow 
stained  hand  and  a  case  containing  his  plates, 
tripod  and  cloth  in  the  other.  He  would  laboriously 
“set  up,”  struggle  with  focusing  and  try  to  keep 
subjects  still  for  long  time  exposures.  Compare 
the  size  of  his  equipment,  his  efforts  and  the  results 
he  obtained  with  those  of  the  user  of  the  modem 
camera. 

Yet  the  pocket  camera  of  today  is  no  better  ex- 
ample  of  greater  efficiency  in  miniature  than  is  the 
modern  Electronic  Tube.  In  most  high  frequency 
circuits  TUNG-SOL  miniatures  function  far  better 
than  the  larger  conventional  tubes.  Because  of 


TUNG-SOL 


shorter  elements  thev  are  more  rieii 


and  their  lesser  mass  makes  them  actual  size 
less  prone  to  distortion  as  the  result  of  vibration. 

TUNG-SOL’s  principal  interest  in  the  Electronic 
industry  is  to  produce  tubes  that  make  radio  sets 
and  other  Electronic  Equipment  more  effective  and 
efficient.  Their  engineers  are  at  your  service  to 
help  plan  circuits  and  select  tubes.  Consultation, 
of  course,  is  confidential. 


In  Vacuum  Gauges 


the  light  of  higher  efficiency  theatti 
loudspeakers  which  recent  tests  in¬ 
dicate  are  becoming  available.  Also 
it  is  anticipated  that  higher  efficien¬ 
cies  in  acoustical  levels  will  be  re¬ 
quired  for  proper  dramatic  presen¬ 
tation  of  forthcoming  pictures 
wherein  improvements  in  signal-to- 
noise  ratio,  an  extension  of  fre¬ 
quency  range,  and  more  dramatic 
effects  of  sound  are  expected. 

The  Research  Council  Theater 
Sound  Standardization  Committee, 
under  whose  sponsorship  activities 
have  been  conducted,  has  recom¬ 
mended  that  theaters  utilize  im¬ 
proved  loudspeakers  to  produce 
better  overall  sound  results  and  not 
as  a  way  to  reduce  electrical  power. 
Test  equipment  for  these  activities 
is  installed  in  the  Fox  West  Coast 
Academy  Theatre,  Inglewood,  Calif, 
where  the  committee  holds  meet¬ 
ings. 


Alphatron  Gauge  Type  510 
Preliminary  Calibration  Scale 


•CAUC 


Instrument  Society  Officials 

Peo-tem  officers  have  been  elected 
by  The  Instrument  Society  of 
America  as  follows :  president, 
A.  F.  Sperry,  Chicago;  vice  presi¬ 
dent,  Carl  Kayan,  professor  of 
mechanical  engineering,  Columbia 
University,  New  York,  N.  Y.; 
treasurer,  Charles  E.  Fry,  Pitts¬ 
burgh  ;  and  secretary,  Richard  Rim- 
bach,  Pittsburgh. 

In  addition  to  these  elected  in¬ 
dividuals,  chairman  and  committee 
members  have  been  established  for 
the  following  committees :  Con¬ 
stitution,  exhibit,  finance,  member¬ 
ship,  nominating,  program,  pub¬ 
lications,  and  publicity. 


1  micron  to  10  millimeters  .A  single  gauge  giving  continuous  linear  indi* 

cation  of  pressure  in  three  ranges:  1-100 
microns;  1-1000  microns  and  1-10  millimeters. 


instantaneous  response 


The  Alphatron  utilizes  the  ionization  effect  of 
alpha  particles.  This  new  principle  enables  in¬ 
stantaneous  response  to  pressure  change  and 
thus  avoids  lag  in  readings. 


undamaged  by  atmospheric 
pressure  . 


The  flow  of  alpha  particles  is  produced  from 
a  sealed  radium  source.  There  is  no  filament  to 
burn  out,  and  the  gauge  is  unaffected  by  ex¬ 
posure  to  atmospheric  pressure. 


simple  calibration  for  dif 
ferent  gases  .  .  . 


The  graph  above  shows  that  the  Alphatron 
has  linear  reactions  to  pressure  throughout  its 
entire  range.  Calibrated  for  dry  air  the  stand¬ 
ard  Alphatron  may  be  used  directly  for  other 
gases  by  means  of  calibration  factors.  Excel¬ 
lent  for  use  with  systems  containing  water 
vapor  and  for  leak  detecting. 


Radar  Shown  by 
Radiation  Laboratory 

A  DEMONSTRATION  of  microwave 
radar  equipment  which  it  had  de¬ 
veloped  during  the  past  four  years 
was  made  by  the  Radiation  Labora¬ 
tories  at  Massachusetts  Institute 
of  Technology  late  in  August  to 
members  of  the  technical  press. 

Occasion  for  the  demonstration 
was  the  conclusion  of  hostilitiff 
and  recognition  of  the  virtual  com 
pletion  of  the  developmental  work 
of  the  Laboratory.  A  few  remain¬ 
ing  projects  are  expected  to  be  com¬ 
pleted  by  the  end  of  1945. 
staff  of  8800  has  for  the  most  pw' 
already  returned  to  the  colleg**- 
uniVersities,  or  industrial  concan* 
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specifications 


Control  box:  size  12^"  x  OK"  x  9H', 
weight  20  lbs.,  finish  grey  and  black  crackle 
with  red  trim;  gauge  (including  first  stage 
amplifier);  size,  12"  x  3"  0.  D.,  weight  5  lbs., 
finish  natural;  cables:  10  feet  special  10  con¬ 
ductor;  power  110  volts,  60  cycle,  A.  C.,  1 
ampere;  calibration  as  shipped:  dry  air;  ship¬ 
ping  weight;  approximately  27  lbs. 


For  full  particulars  send  for 
bulletin  G-3. 


NATIONAL  RESEARCH  CORPORATION 
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The  tumult  and  the  shouting  dies, 

The  Captains  and  the  Kings  depart, 
Still  stands  Thine  ancient  sacrifice, 

A  humble  and  a  contrite  heart. 
Lord  God  of  Hosts,  be  with  us  yet. 
Lest  we  forget — lest  we  forget! 

—  Rudyard  Kipling 


To  Our  Customers  and  Friends^ 

You  and  we  have  worked  together  through  four  of  the  world’s  most  tragic  years. 
Our  common  interest  in  a  common  cause  has  strengthened  old  business  friendships 
and  has  made  many  new  ones.  For  this  we  are  grateful. 

This  experience  of  mutual  respect  and  confidence  is  one  result  of  the  war  that 
will  be  carried  over  to  the  problems  of  peace.  It  is  the  very  stuff  that  will  assure  profit¬ 
able  business  at  home  and  better  relations  with  our  neighbors  abroad. 

VVe  of  the  Biddle  Company  fortunately  have  no  factory  problem  of  reconversion. 
For  the  most  part,  we  make  the  same  testing  instruments  for  industry  at  peace  as 
were  required  for  war.  And  as  more  of  our  products  become  available  for  industrial 
and  rehabilitation  purposes,  we  will  continue  to  serve  you — in  good  faith  always — and 
to  the  best  of  our  ability. 

JAMES  G.  BIDDLE  CO. 

1211-13  Arch  Street,  Philadelphia  7,  Pa. 


insulation  testers,  ground  testers  and  OHMMETERS  •  “FRAHM”  FREQUENCY  METERS  AND 
TACHO.METERS  .  “JAGABI”  RHEOSTATS  •  INDICATING  HAND  TACHOMETERS  •  SCIENTIFIC  APPARATUS 
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Fholo  Courtesy  ol  Stanley  Tools 


USE  KESTER  FLUXES 

for  Permanence! 


>  Don't  risk  serrice  dilficultisa,  mechcmiccd  failures, 
with  solder  flux  that  won't  hold  tight! 
Chemically  correct  flux— and  different  fluxes  for  differ¬ 
ent  types  of  operations — ore  imperatire  for  permanent 
soldering.  That's  why  Kester  fltixes  are  scientifi¬ 
cally  compounded  to  form  tight,  clean  solder-bonds 
resistant  to  shock,  vibration,  bending,  contraction  and 
expansion.  They  insure  &e  lasting  qualit/  of  your  product! 


For  over  45  years  Kester  Fluxes  have  been 
tried,  tested  and  proved  dependable.  There 
is  a  wide  range  of  Kester  flux 
formulas  to  fit  every  possible  solder  operation. 

Consult  Kester  engineers  for  practical,  experienced  help 
in  solving  any  solder  problem  you  may  have.  They'll  gladly 

suggest  the  right  flux  to  protect  your 
product — and  at  no  obligation. 


lUY  VICTORY  BONDS 


KESTER  SOLDER  COMPANY 


4204  WRIGHTWOOD  AVENUE,  CHICAGO  39.  ILL. 
Eaatarn  Plcmt:  Nawark,  N.  I.,  Canadian  Plants  Brontiord,  Ont. 


KESTER 


STANDARD  FOR  INDUSTRY 


from  which  they  had  been  re¬ 
cruited.  A  small  staff  remains  to 
prepare  material  for  the  publica¬ 
tion  of  about  30  volumes  of  techni¬ 
cal  information  on  microwave  tech¬ 
niques  and  electronic  developments 
produced  at  the  Laboratory. 


MEETINGS  TO  COME 


Sept.  27-28;  Southwark  Division, 
Baldwin  Locomotive  Works; 
Strain  Gage  Conference,  Waldorf- 
Astoria  Hotel,  New  York,  N.  Y. 


Oct.  15-17 ;  Societby  of  Motion  Pic¬ 
ture  Engineers,  58th  Semi-  Annual 
Fall  Conference ;  Hotel  Pennsyl¬ 
vania,  New  York,  N.  Y. ;  Harry 
Smith  Jr.,  Executive  secretary. 
Hotel  Pennsylvania. 


Oct.  16-18;  Carnegie  Institute  op 
Technology  and  Instrument  So¬ 
ciety  OF  America,  Educational  Con¬ 
ference  on  Instrumentation,  Pitts¬ 
burgh,  Pa. ;  committee  chairman. 
Dr.  B.  R.  Teare  Jr.,  head.  Depart¬ 
ment  of  Electrical  Engineering, 
Carnegie  Institute  of  Technology, 
Pittsburgh  13,  Pa.  Invitation  by  ap¬ 
plication  only. 


Oct.  18-20;  Optical  Society  or 
America,  Thirtieth  Annual  Meet¬ 
ing,  Hotel  Pennsylvania,  New  York 
N.  Y.;  Arthur  C.  Hardy,  secretary, 
MIT,  Cambridge  39,  Mass. 


Oct.  19;  Institute  of  Radio  Engi¬ 
neers,  Cedar  Rapids  Section,  Poly¬ 
phase  Broadcasting,  by  Paul  Loyet, 
WHO,  and  Dehydration  by  Radio 
Frequency,  by  M.  R.  Himmell,  In¬ 
tratherm  Co. ;  Younkers  Tea  Room 
Des  Moines,  Iowa ;  J.  A.  Green,  sec¬ 
retary  Collins  Radio  Co.,  855  35  Si, 
N.  E.,  Cedar  Rapids,  Iowa. 

Nov.  27;  Institute  of  Radio  En¬ 
gineers,  Cedar  Rapids  Section,  Oi- 
cillators,  by  Professor  W.  L.  Cas¬ 
sell,  Iowa  State  College ;  J.  A.  Green, 
secretary,  Collins  Radio  Co.,  855 
35  St.,  N.  E.,  Cedar  Rapids,  Iowa. 

Jan.  23-26 ;  Institute  of  Radio  En¬ 
gineers,  Winter  Technical  Meet¬ 
ing  ;  Astor  Hotel,  New  York,  N.  Y-I 
E.  J.  Content,  chairman  of  meeting 
committee,  WOR,  1440  Broadway, 
New  York  18,  N.  Y. 


WASHINGTON  NEWS 


Surplus  electronic  equipm®'^- 
Electronic  equipment  and  coimna®*' 
cation  gear  constitutes  the  fouf^ 
largest  class  of  military  surp^®* 


Ci 
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•  PRECISION  WIRE  WOUND  RESISTORS  | 

•  WHEATSTONE  BRIDGES 
•  RADIO  &  ELECTRONIC  TEST  EQUIPMENT 
•  RADAR  ASSEMBLIES 


R.  S.  BRUNEAU 
Dear  Friends: 

An  introduction  to  Eastern 
Electronics  at  this  time  is  in 
order. 

“Eastern”  is  an  expansion 
and  growth  from  the  Radio  In¬ 
stallation  Co.  which  many  wiU 
recall  I  started  in  1924  in 
Boston,  Mass.  We  have  grown 
rapidly  during  the  last  few 
years  and  are  busily  engaged 
on  war  contracts  producing 
many  items  for  the  electronics 
program. 

My  associates  here  include  I 
Manfred  Johnson,  well  known 
for  his  research  and  design  of 
meters  and  recording  instru¬ 
ments;  and  Dave  Chapman, 
well  recognized  for  his  work  m 
ultra  high  frequency  Radio 
and  Radar.  You  real  old-timers 
should  recall  Bob  Ringer 
formerly  a  partner  in  the 
Hixon  Electric  Co.,  Boston. 

Our  engineering  and  tech¬ 
nical  staff  is  well  manned.  You 
can  be  assured  our^  products 
will  meet  the  most  rigid  spec^ 
fications,  both  for  quality  and 
performance. 

Sincerely, 


KORECT-OHM  RESISTORS 

General  Specificafions 

To  insuro  stability  Korect^ohm  resistors  ore  aged  ond  treated  to, 
d..  .o  wind,.,  b.,o,.  ,h. 

Final  resistance  adjustment  to  an  accuracy  of  better  than  .1% 
TEMPERATURE  COEFFICIENT.  Resistors  ore  wound  with  selected 

fniporature  of  less  than 
is  o  faetn,  • .  ^  ^  opplicotions  where  space 

sistivity  of  650  ohms  per  circular  mill  ft.  the  resistance  chanae  vs 

-SpC  ond+sJoc.’’’®'’ 


Korect'ohm 
Type  CC  low 
temperature  co* 
efficient  moxl* 
mum  resistance 
250,000  ohms. 
Type  NC  moxU 
mum  resistance 
500,000  ohms. 


Korect-ohm 
Type  NA  maxi, 
mum  resistance 
1  million  ohms. 


Korect-ohm 
Type  CA  low 
temperature  co¬ 
efficient  ranges 
from  a  few 
ohms  to  500,. 
000  ohms. 


Korect-ohm 
Type  CB  low 
temperature  co. 
efficient  maxi¬ 
mum  resistance 
500,000  ohms. 
Type  NB  maxi- 
mum  resistance 
I  million  ohms. 


We  will  make  special  resistors  to  any  value  and 
tolerance. 

Our  regular  line  of  resistors  are  available  for 
immediate  delivery. 

Watch  our  Ads  for  New  Items. 


Boston  Sales  Office 
Pemberton  Square 
Tel.  Capitol  2425 
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41  CHESTNUT  STREET,  NEW  HAVEN,  CONN. 


Chicago  Sales  Office 

Bauman  &  Bluzat  2753  West  North  Ave. 
Tel.  Humboldt  6809 


capital  and  producers'  goods  held 
for  disposition  by  Reconstruction 
Finance  Corp.  The  two  major  items 
are  electron  tubes  with  an  orig- 
inal  cost  of  $15,989,000  and  com¬ 
ponents  and  subassemblies  at  $14,. 
304,000. 

FCC  APPLICATIONS.  On  January  25, 
1945,  FCC  issued  a  public  notice 
outlining  the  procedure  involved  in 
handling  standard  broadcast  appli¬ 
cations  under  their  existing  policy. 
It  was  announced  that  a  60-day 
period  would  be  provided  for  the 
filing  of  new  applications  when 
manpower  and  materials  again 
reach  the  situation  where  normal 
licensing  practice  is  to  be  reestab¬ 
lished.  This  60-day  period  was  an¬ 
nounced  to  have  commenced  run¬ 
ning  on  August  7,  1945.  Applicants 
will  not  be  required  to  show  that 
they  have  the  necessary  equipment 
on  hand.  After  October  7,  FCC  will 
consider  applications  filed  pre¬ 
viously  and  also  those  filed  during 
the  60-day  period.  However,  f-m  and 
television  applications  cannot  be 
acted  upon  until  regulations  have 
been  adopted. 

WPB  CONSOLIDATION.  The  radio 
and  transport  bureau  of  WPB  has 
been  abolished  and  its  divisions 
transferred  to  the  equipment  bu¬ 
reau,  all  except  the  Radio  and  Radar 
Division.  This  organization  no 
longer  comes  under  bureau  heading 
but  is  now  under  the  office  of  the 
operations  vice-chairman. 


MODERN 
COIL  WINDINGS 


Parfial  View  of  Assembly  Deparfmenf 


FCC  ACTS 


To  pwmit; 

W9XLA  \ 
Denver,  Colo, 


For  many  months,  COTO-COIL  facilities  have 
been  employed  in  producing  wartime  essentials. 
Now,  as  we  so  long  hoped,  our  entire  plant  can 
be  devoted  to  peacetime  industry. 

Our  28  years  of  experience  are  at  your 
service  to  help  you  with  modern  coil 
design  and  construction. 


Operate  with  chansed  frequancyol 
43.5  me  and  clau  of  lUtM* 
changed  From  temporary  dao  t 
experimental  high-lrequency  lo 
developmental  broadcait  with  t  In' 
power. 


Construct  new  station  to  relay  le 
WCPO  on  frequencies  of  Sl.iW. 
35.6SO.  37,020,  39,260  he  wi* 
10  w  power. 


Construct  new  station  to  oparite  os 
1 230  kc  at  250  w,  unlimited !»« 

Construct  new  relay  broaden 
station  on  frequencies  of  30'*^' 
33,740,  35,820  and  37,980  he 


Gallup,  N.  M. 


Findlay,  Ohio 


COTO-COIL  CO.,  INC 

COIL  SPECIALISTS  SINCE  1917 


WSSV  Operate  newly  construded  ^ 

Petersburg,  Va.  on  1 240  kc,  250  w,  unlimited hne- 

-  Construct  new  station  to 

GranU  Island,  Neb.  KMMJ  on  30,820,  33, 7«- 

35,820  and  37,980  kc  with  50» 
power. 

WHGB  Operate  a  newly  consfcuded  di 

Henieburg,  Pe.  tion  on  1 400  ke  with  MO  •  • 

limited  time. 


PROVIDENCE  5,  R.  I. 
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We, at  Kenyon,  take  a  good  deal 
d  pride  in  our  famous  T-LINE 
TIANSFORMERS.  Similar  units 
ire  now  produced  and  adver- 
Med  by  many  of  our  competi- 
m  who  long  ago  realized  that 
At  T«UNE  Housing  was  a  su¬ 
perior  Housing  in  many  respects 
-outdating  hy  years  the  un- 
pinted  open -type  Transformers 
produced  by  other  Transformer 
Maniifariurers. 

Additional  features  of  the  famous 

KENYON  T-LINE 

are: 

•  Bxeellent  Appearance 

•  Universal  Mountings 
Mawntiag  centers  remain  exact  because  they 
O'*  die-punched  ail  at  the  seme,  moment  in  a 
‘**|i*  operation. ' 

•  4  Manufacturer’s  Dream 

(•cause  they  provide  an  excellent  electrical 
**d  aechanicol  design  that  can  be  made 
•(••Riy  from  plentiful  materials. 

^yon  IS  extremely  satisfied  with  its  outstanding  engineering  developments.  The  KENYON  T-LINE  case  when 
produced  in  the  early  1930’s  was  years  ahead  of  its  time. 

-Our  engineers  are  indeed  proud  to  be  the  originators  of  such  a  popular  desigp  and  point  to  its  duplication 
pride. 

Kenyon  engineering  intends  to  maintain  its  place  as  a  pioneer  in  the  continued  development  of  outstanding 
Transformer  Equipment.' 


ItKfmrits  invitrd.  Write  for  our  NEW  1943  Illustrated  Catalog 


KENYON  TRANSFORMER  CO.,  Inc. 


840  BARRY  STREET 
NEW  YORK,  U.  S.  A. 
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No.  S  of  a  Series 


MODERN 
COIL  WINDINGS 


Partial  View  of  Assembly  Department 


For  many  months,  COTO-COIL  facilities  have 
been  employed  in  producing  wartime  essentials. 
Now,  as  we  so  long  hoped,  our  entire  plant  can 
be  devoted  to  peacetime  industry. 


Our  28  years  of  experience  are  at  your 
service  to  help  you  with  modern  coil 
design  and  construction. 


COTO-COIL  CO.,  INC. 


COIL  SPECIALISTS  SINCE  1917 


65  PAVILION  AVE. 


PROVIDENCE  5.  R.  I. 


i  .  •  .  . , 


7 


I  "" 
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capital  and  producers’  goods  held 
for  disposition  by  Reconstruction 
Finance  Corp.  The  two  major  items 
are  electron  tubes  with  an  orig- 
inal  cost  of  $15,989,000  and  com¬ 
ponents  and  subassemblies  at  $14- 
304,000. 


FCC  APPLICATIONS.  On  January  25, 
1945,  FCC  issued  a  public  notice 
outlining  the  procedure  involved  in 
handling  standard  broadcast  appli¬ 
cations  under  their  existing  policy. 
It  was  announced  that  a  60-day 
period  would  be  provided  for  the 
filing  of  new  applications  when 
manpower  and  materials  again 
reach  the  situation  where  normal 
licensing  practice  is  to  be  reestab¬ 
lished.  This  60-day  period  was  an¬ 
nounced  to  have  commenced  run¬ 
ning  on  August  7,  1945.  Applicants 
will  not  be  required  to  show  that 
they  have  the  necessary  equipment 
on  hand.  After  October  7,  FCC  will 
consider  applications  filed  pre¬ 
viously  and  also  those  filed  during 
the  60-day  period.  However,  f-m  and 
television  applications  cannot  be 
acted  upon  until  regulations  have 
been  adopted. 


WPB  CONSOLIDATION.  The  radio 
and  transport  bureau  of  WPB  has 
been  abolished  and  its  divisions 
transferred  to  the  equipment  bu¬ 
reau,  all  except  the  Radio  and  Radar 
Division.  This  organization  no 
longer  comes  under  bureau  heading 
but  is  now  under  the  office  of  the 
operations  vice-chairman. 


FCC  ACTS 


To  permit: 


W9XLA  I 
Denver,  Colo, 


Cincinnati.  Ohio 


Gallup,  N.  M. 


Construct  new  station  to  oparat*  o* 
1230  Ice  at  250  w,  unlimited  tip* 


Findlay,  Ohio 


Construct  new  relay  broaden 
station  on  frequencies  of  30,8W. 
33,740,  35,820  and  37,980  K 
with  25  w  power. 


WSSV 

Petersburg,  Ve. 


Operate  newly  constructed  it*^ 
on  1 240  Ice,  250  w,  unlimited  tiw 


-  Construct  new  station  to 

Grand  Island,  Neb.  KMMJ  on  30,820,  33,7«. 

35,820  and  37,980  Ice  with  50  • 


WHGB 
Harrisburg,  Pa. 


Operate  e  newly  conshuctad  * 
tion  on  1400  he  with  150  w  • 
limited  time. 
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Operate  with  changed  frequancyd 
43.5  me  and  class  of  •Ww* 
changed  from  temporary  dae  t 
[  experimental  high-Ircquancy  lo 
developmental  broadcast  with  1  i* 


Construct  new  station  to  relay  l« 
WCPO  on  frequencies  of  51,SM' 
35.620,  37,020,  39,260  he  wi* 
10  w  power. 
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Ve.ai  Kenyon,  take  a  good  deal 
oi  pride  in  our  famous  T>LINE 
TIANSFORMERS.  Similar  units 
ue  now  produced  and  adver* 
liwd  by  many  of  our  competi* 
ion  who  long  ago  realized  that 
ibt  T'LINE  Housing  was  a  su* 
perior  Housing  in  many  respects 
-ouidating  by  years  the  un- 
piMted  open. type  Transformers 
produced  by  other  Transformer 
Miniifanurers. 

Additional  features  of  the  famous 

KENYON  T-LINE 

are: 

•  Excellent  Appearance 

•  Universal  Mountings 

MMitiag  centers  remain  exact  because  they 

die>pwHched  all  at  the  same,  memeat  in  o 

eperatioe. ' 

•  A  Manufacturer’s  Dream 

bcoete  they  provide  an  excellent  electrical 

Mechanical  design  that  can  be  made 

from  plentiful  materials. 

I^wyon  IS  extremely  satisfied  with  its  outstanding  engineering  developments.  The  KENYON  T-LINE  case  when 
produced  m  the  early  1930’s  was  years  ahead  of  its  time. 

Our  engineers _are  indeed  proud  to  be  the  originators  of  such  a  popular  desigp  and  point  to  its  duplication 
^ih  pride. 

Kenyon  engineering  intends  to  maintain  its  place  as  a  pioneer  in  the  continued  development  of  outstanding 
Transformer  Equipment.' 

luqmrits  invited.  Write  for  our  NEW  1943  Illustrated  Catalog 


KENYON  TRANSFORMER  CO.,  Inc. 


840  BARRY  STREET 
NEW  YORK.  U.  S.  A. 
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KRMD  Ch«n3e  «utoin*lic  frequency  c#n. 

Shreveport,  Le.  trol  equipment. 

KXOA  Operate  a  newly  constructed  ita- 

Saaamento,  Calif,  tion  on  1490  kc,  850  w. 

Operate  moved  transmitter,  studio, 
and  auxiliary  transmitter  at  new  site' 


WKAO 
San  Juan, 
Puerto  Rico 


WHTB 

Talladesa,  Ala, 


Chanse  antenna  in  newly  con¬ 
structed  station. 

Philco  Radio  &  Construct  experimental  television 
Television  Corp.  broadcast  station  to  develop  a  tale- 

Wyndmoor,  Pa.  vision  system  operatins  in  the  480 
to  980  me  region  with  frequencies 
to  be  assigned  and  A3,  As, 
Special,  and  Special  emission  lor 
f-m,  power  1  kw  (peak)  visual  and 
aural.  Also  construct  three  ei- 
perimental  television  relay  stations 
on  frequencies  to  be  assigned.  AO, 
Al ,  A3,  A5,  Special,  and  Special 
for  f-m  emissions. 

Operate  a  newly  constructed 
developmental  broadcast  station. 

Allen  B.  DuMont  Construct  portable-mobile  experi- 
Labs.,  Inc.  mental  television  relay  station  in 

New  York,  N.  Y.  the  480  to  980  me  region  with 
frequencies  to  be  assigned.  A3, 
Special,  and  Special  for  f-m 
emissions,  1  kw  (peak)  visual  and 
aural  power. 

Emerson  Radio  &  Construct  new  developmental 
Phonograph  Corp.  broadcast  station  on  frequencies  to 

New  York,  N.  Y.  be  assigned.  AO,  A3,  and  Special 
emiuion  for  f-m. 


W8XRA 
New  York,  N.  Y. 


LET  US  HELP  YOU  WITH  YOUR 


CRYSTAL  CONTROLLED  CIRCUITS 


J.  F.  Novy 
Riverside,  III. 


Construct  new  developmental 
broadcast  station  on  frequencies  to 
be  assigned.  AO,  A4,  Special 
emission  for  f-m. 


The  public  may  be  very  happy  just  to  have 
a  new  automobile.  But  they  are  conditioned  to 
expect  the  postwar  domestic  radio  to  be  dif¬ 
ferent  — -  with  the  precision  and  quiet  of  Crystal 
Controlled  circuits. 


General  Railway 
Signal  Co. 


Construct  and  operate  ten  new 
experimental  Class  8  portable 
and  portable-mobile  radio  sb- 
tions  in  yard  and  teminal  areas  and 
along  the  roads  of  principal  rail¬ 
roads.  Frequencies  are  to  be 
assigned.  Power  is  60  w,  emWon 
Al ,  A8,  A3,  and  Special  for  f-m, 
and  hours  of  operation  unlimited. 


Extend  completion  date  of  new 
non-commercial  educational  broad¬ 
cast  station  to  Dec.  81, 194$. 


Through  the  war  we  have  learned  a  lot  about 
the  use  of  Control  Crystals,  and  this  knowledge 
is  at  the  disposal  of  manufacturers  of  radio,  fm 
and  other  electronic  devices. 


Operate  at  new  site  and  with  class 
of  station  changed  from  temporary 
class  8  experimental  high- 
frequency  broadcast  to  develop¬ 
mental  broadcast. 


Washington,  D.  C. 


KIT  Operate  with  change  in  transmitting 

Yakima,  Wash.  equipment. 


And  when  you  know  what  crystals  you  need, 
our  quantity-production  methods  are  ready  to 
supply  you  with  crystals  to  your  exact  specifica¬ 
tions,  on  time,  clean,  and  at  a  price  that  will  be 
within  your  production  budget. 


-  Construct  new  station  to  operate  on 

State  College,  Pa.  1450  kc,  850  w,  unlimited  time. 


Change  calls  letters  to  KWBR. 


KLS 

Oakland,  Calif. 


Construct  three  identical  WP*’’ 
mental  Class  8  portable  end  P»' 
table-mobile  stations  and  ope* 
ate  for  experiment  in  eonnedioo 
with  the  development  and  trfW 
of  railroad  radio  commenle^ 
systems.  Composite  transmi^ 
will  operate  at  10  w,  with  At,  A!/ 
A3,  and  Special  emissions  for 
(telephony)  on  frequencies  to  bi 
assigned. 

Construct  and  operate  two  it**  ^ 
perimcntal  ClaM  8  radio  , 
use  to  determine  relative  ms*" 


Bendix  Aviation 
Corp. 


PAN-ELectronics  LABoratories,  Inc. 


500  Spring  St.,  N.  W. 


Atlanta,  Georgia 


ntODUCiltS  OF  SrANjpAiro  AND  mClAL 
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|2  SELLECK  STREET  STAMFORD.  CONNECTICUTi 
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MOffilT 

Bm 

mBT! 


Much  as  he  would  like  to  be,  he's  no  hero,  this  permanent  magnet.  However, 
he  should  be  well  mounted.  He  doesn't  need  a  pedestal  so  that  all  the  world 
can  admire  him,  but  he  does  need  to  be  so  designed  that  he  can  be  mounted 
properly  in  the  instrument  or  machine  he  is  to  serve.  Otherwise  he  may  sulk 
ina  loaf  on  the  job. 

Most  permanent  magnets  are  prepared  for  mounting  in  one  of  three  ways: 


1.  By  casting  small  holas  or  slots  or  shaft  holes  into  the  magnets 

2.  By  casting  soft  iron  inserts  Into  the  magnet 

3.  By  casting  the  magnet  Into  a  housing  wall 


But  which  method  to  choose  .  . .  that's  the  probleml 


The  selection  of  the  proper  mounting  for  a  magnet  need  not  be  too  trouble¬ 
some  once  the  advantages  and  disadvantages  of  all  methods  are  understood. 
Our  engineers  will  be  glad  to  advise  on  this  point  at  any  time  but  perhaps 
a  reading  of  our  pamphlet  PERMANENT  MAGNET  DESIGN  will  be  helpful 
to  those  designing  their  own  magnets.  Shall  we  send  you  a  copy? 

lO-CC-l 


CINAUDAGRAPH 

CORPORATION 


Permoflux  Speakers  and  Transformers 
Set  New  Standards  of  Comparison! 

New  Permoflux  speakers  in  a  complete  range  of  true-dimensioned 
sizes  trom  2"  to  1 5",  with  power  handling  capacities  from  1  to  20 
watts,  provide  the  finest  sound  reproduction  for  every  application. 

Permoflux  midget  transformers,  with  their  many  practical  circuit 
applications,  have  literally  revolutionized  efficiency  concepts  where 
size  and  weight  are  determining  factors. 

Advanced  engineering  designs,  improved  manufacturing 
methods  and  new  materials  have  all  contributed  their  share  in  the 
development  of  Permoflux  speakers,  transformers,  microphones 
and  headphones.  You  can  count  on  Permoflux  to  provide  an  acous¬ 
tical  unit  to  suit  your  exacting  requirements. 


BUY  WAR  BONDS  FOR  VICTORY! 


PERMOFLUX  CORPORATION 


4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL. 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


To  permit: 

To  do  this* 

Lexington,  Mass.,’  Bristol  ami 
Tolland,  Conn.;  and  W«bsi« 
Mast.  Experimentation  will  imoU 
Class  S  point-to-point  radio  lU. 
tions  to  develop  new  tcchniqxti 
for  the  transmission  and  relaying  of 
high  definition  and  color  t«l«. 
vision  programs,  high-fidelity  f-m 
and  telephone,  telegraph  md 
facsimile.  Power  of  100  w  will  b, 

used  on  frequency  bands  to  b« 
assigned. 

WLBZ 

Bangor,  Maine 

Change  from  directional  inlinni 
day  and  night  to  dirtqionti 
antenna  night  only. 

WMAZ 

Macon,  Ga. 

Operate  with  nighttime  directioiul 
antenna  pattern  from  15  minbolotf 
local  sunset  to  1 5  min  after  locil 
sunrise  during  those  months  is 
which  the  average  hour  of  loal 
sunset  and/or  local  sunrise  ocein 
on  the  quarter-hour  or  llvt^ 
quarter  hour. 

Seaboard  Air  Line  Construct  Four  experimental  CIm! 

Railway  Co.  portable  and  portable-mobile  lU- 

tions  to  investigate  possiUt  iis- 
provements  in  public  trampcrti- 
lion.  Frequencies  arc  to  be 
assigned,  power  is  25  w  wibi 
Special  emission  for  Fe 
(telephony). 

j  Raytheon  Mfg.  Co.  Construct  experimental  Clan  1 
portable  radio  station  for  condutl 
of  field  strength  measurcmenti  md 
determination  of  propagation  dur- 
acteristics  from  a  series  of  Wettim 
I  mountain  peaks.  Frequencies  wiH 

'  be  assigned,  power  250  w  wA 

I  Special  emission  for  fnn. 


Southwestern  Tele-  Construct  one  experimental  Clw! 
phone.  Telegraph  radio  land  station  and  twelve  port- 
&  Power  Co.  able  mobile  stations  to  be  instilled 
in  repair  trucks  and  supervisory 
cars.  Frequencies  will  be  assigned. 
Power  250  w  for  the  land  stitiom 
and  1 5  w  for  the  portable-mobilt 
station  with  Special  emission  for 
f-m. 


BUSINESS  NEWS 

Bendix  Aviation  Corp.  anticipates 
the  early  installation  of  radar  net¬ 
work  systems  which  will  make  all- 
weather  flight  a  reality.  Using 
radar  landing  techniques,  airlines 
will  be  able  to  take  off,  fly,  and  land 
safely  under  all  weather  conditions 
short  of  a  full  gale. 

Otronics  Company  of  America, 

lnc.  New  York,  N.  Y.,  is  a  new  com¬ 
pany  formed  to  handle  a  newly  de¬ 
veloped  aid  to  hearing. 

Halstead  Traffic  Communica¬ 
tions  Corp.,  New  York,  N.  Y.,  has 
been  acquired  by  Farnsworth  Tele¬ 
vision  and  Radio  Corp.,  Fort  Wayne. 

lnd.  The  Halstead  engineering  staff 

as  well  as  the  laboratory  and  manu¬ 
facturing  facilities  will  be  tran.'^ 
ferred  to  Fort  Wayne. 

Acuar,  Inc.  is  the  name  of  a  ne»l' 
formed  corporation,  an  affiliate  u 
John  Meek  Industries,  Inc.,  Chicagj^' 
Ill.  It  will  manufacture  and  *ell 
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There  is  a 

FIBERGLAS 

Insulation  Material 
for  every  need  ^ 


OKI  type  .( 


FibergloS'Mica  Sheets  or  Topes 
ore  available  in  thicknesses  from 
.004"  to  .030" — with  Fiberglos 
facings  on  one  or  both  sides. 


One  of  the  chief  uses  of  Fiber* 
glos-Mico  combinations  is  os 
ground  or  slot  insulation  in  mo* 
tors  and  generators. 


Several  processors  were  quick  to  real¬ 
ize  that  mica  and  Fiberglas  each  have 
advantages  which,  when  combined, 
result  in  an  insulation  material  with 
unsurpassed  characteristics.  That  is 
why  the  combination  of  thin  glass 
doth  with  mica,  for  ground  insulation, 
was  one  of  the  first  applications  of 
Fiberglas  in  the  electrical  industry. 


thickness  of  mica  tape  with  silk  or 
paper  backing — ^thus  reducing  appli* 
cation  time. 

Typical  Applications 

Fiberglas-Mica  combination  materials 
are  used  wherever  there  is  a  need  for 
maximum  reliability  under  high  tem¬ 
peratures,  either  internal  or  external; 
where  mechanical  service  is  most 


Types  of  Fiberglas-Mica  Combinations 

Fiberglas-Mica  combination  insula¬ 
tion  is  available  commercially  in 
thicknesses  from  .004"  to  .030".  The 
Fiberglas  may  be  applied  to  one  or 
both  facings  of  the  mica,  and  the 
thickness  of  the  Fiberglas  used  may 
be  varied. 

For  ease  in  using  the  material, 
where  minimum  space  is  a  factor, 
Fiberglas  may  be  applied  to  one  sur- 
lace  of  the  mica,  while  “fish  paper”  is 
applied  to  the  other.  In  all  cases,  the 
s^ngth  of  the  Fiberglas-Mica  com¬ 
bination  is  in  excess  of  any  other  type 
ol  reinforced  mica  of  the  same  thick¬ 
ness.  This  is  particularly  important  in 
the  thinnest  mica  tapes  used  for  con- 
^^or  or  coil  insulation.  Four  mil 
®ick  Fiberglas-Mica  Tape  is  nearly 
three  times  as  strong  as  the  same 


severe,  where  a  maximum  safety  factor 
is  required.  Its  chief  use  is  as  ground 
or  slot  insulation  in  motors  and  gen¬ 
erators,  as  phase  insulation  in  large 
a-c  apparatus,  or  as  coil  insulation  be¬ 
tween  high  and  low  voltage  sides  of 
dry-type  transformers. 

Complate  Informotioa 

If  you  do  not  have  complete  informa¬ 
tion  about  Fiberglas-Mica  combina¬ 
tions,  write  for  the  new  EL  44-7  cata¬ 
log,  today.  It  also  contains  data  on 
Fiberglas  Tapes,  Sleeving,  Cord,  etc. 
The  name  of  the  Fiberglas  Insulation 
Materials  Supplier  located  nearest  to 
you  will  be  supplied  on  request. 

Owens-Corning  Fiberglas  Corpora¬ 
tion,  1860  Nicholas  Building,  Toledo 
1,  Ohio. 

In  Canada,  Fiberglas  Canada  Ltd., 

Othawa,  Ontario. 


Fiberglos-Mico  hot  exceptional 
strength,  permitting  use  of  thin¬ 
ner  topes  for  conductor  or  coil 
insulation. 


Write  for  catalog  EL  44-7,  today. 

Each  dMributor  of  Fiberg/os-bose  fnsu- 
lation  Maftrialt  hat  hit  own  source  of 
tupply,  tinea  Owens-Corn/ng  Fiberg/os 
Carp,  dees  not  process  these  matarlalt. 


Fiberglas 

*T.  M.  Rec.  U.  S.  Pet.  Off. 

iCAl  INSULATION  MATiRIALS 
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One  of  hundreds  of  basically  different 
filter  types  -produced  by  Audio 
Development,  this  unit  has  been  de¬ 
signed  principally  for  the  use  of 
broadcasting  stations  and  recording 
studios.  The  filter  consists  of  a  single 
prototype  low  pass  and  a  similar  high 
pass  filter  section,  each  with  eight 
different  cut  off  frequencies.  This 
permits  the  selection  of  a  proper  cut 
off  frequency  for  any  application. 


Attenuation  of  at  least  18  DB  per 
octave  is  obtained  for  both  high  and 
low  pass  sections  with  the  insertion 
loss  in  the  pass  band  less  than  I  DB. 
Coils  are  individually  shielded  to  per¬ 
mit  normal  operating  levels  between 
—  40  and  -f  14  VU.  Standard  imped¬ 
ance  is  600  ohms.  Mounting  facilities 
are  provided  within  the  unit  for  trans¬ 
formers,  thereby  permitting  operation 
in  systems  of  any  impedance. 


sound  systems  and  audio  amplifiers 

Syracuse  University,  Syracuse,  N. 
Y.,  plans  to  install  a  wired  televi¬ 
sion  system  for  use  in  the  conduct 
of  classroom  equipment  experiments 
as  well  as  program  instruction.  Gen¬ 
eral  Electric  Co.  will  be  the  supplier. 

Radio  Corp.  of  America  adds  to  its 
present  list  of  products  a  complete 
line  of  dry  batteries.  They  will  be 
handled  by  the  tube  division  in  con¬ 
junction  with  RCA.  tubes  and  parts. 

Sylvania  Electric  Products,  Inc. 
is  leasing  an  armory  building  in 
Scranton,  Pa.,  to  serve  as  a  new 
tube  feeder  plant  for  the  Williams¬ 
port,  Pa.  electron  tube  factory. 

General  Electric  Co.  has  an  order 
from  Don  Lee  Television  and  Don 
liee  Bradcasting  Systems,  Holly¬ 
wood,  Calif.,  for  a  40-kw  television 
transmitter.  The  plan  is  to  install 
the  gear  5,800  ft.  above  sea  level 
on  Mount  Wilson  and  use  the 
present  facilities  of  Station  W6- 
XAO  in  Los  Angeles  as  a  relay  sta¬ 
tion  and  studio  site. 

E.  I.  Du  PONT  DE  Nemours  &  Co. 
begins  production  of  luminescent 
chemicals  for  cathode  ray  tubes  in 
its  new  Towanda,  Pa.  plant.  This 
facility  is  in  the  Patterson  Screen 
Division  of  the  photo  products  de¬ 
partment  and  involves  the  latest  in 
equipment  and  techniques  for  zinc 
and  cadmium  pho.sphors  for  specific 
applications. 

Vulcanized  Rubber  Company 
changes  its  name  to  Vulcanized  Rub¬ 
ber  and  Plastics  Co.  Facilities  are 
located  in  New  York  City  and  Mor- 
risville.  Pa. 

Radio  Corp.  of  America  has  re¬ 
ceived  from  a  B-25  bomber  crew  a 
Radiotron  carton  which  bears  tattle 
autographs  including  Salerno,  Al¬ 
giers,  Avellino,  Corsica,  Bizerte, 
Tunisia,  Rome,  and  Naples.  One  of 
the  crew  members  is  the  son  of  a 
worker  in  the  Harrison,  N.  J.  tube 
plant. 

International  Detrola  Corp- 
poses  to  merge  Utah  Radio  Products 
Co.,  Chicago,  Ill.,  and  Univer^ 
Cooler  Corp.,  Marion,  Ohio,  into  its 
organization.  The  group  and  their 
subsidiaries  own  and  operate  a  tow 
of  nine  manufacturing  plants  in  this 
country  and  two  in  Canada. 

F.  J.  Stokes  Machine  Co., 
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Let’s  look 

UNDER 

THEIR  BUSHELS! 


Many  and  valuable— even  spectacular— are  the 
wartime  achievements  of  the  electronic  indus- 
try.  On  land,  at  sea  and  in  the  air,  men  and 
fighting  equipment  have  moved  into  action  with  amazing 
synchronization— victories  have  been  won— many  lives  and 
days  have  been  saved— through  the  direction,  guidance  and 
safety  of  electronic  creations.  The  contributions  of  elec¬ 
tronic  devices  to  all-time  war  production  records  here  at 
home  are  equally  amazing.  In  fact,  the  needs  of  war  have 
given  such  immense  impetus  to  the  value  of  electronics  in 
the  communications  and  industrial  fields  that  it  has  become 
one  of  our  Nation’s  great  industries  whose  peacetime 
future  is  full  of  rich  promise. 

This  war-stimulated  progress  reflects  great  credit,  in¬ 
deed,  on  the  genius  and  resourcefulness  of  the  entire  elec¬ 
tronic  industry— and  especially  on  the  tube  manufacturers 
of  America.  For  largely  because  of  their  pioneering  accom¬ 
plishments  in  developing  and  supplying  new  kinds  of  tubes 
for  the  many  new-found  war  uses,  along  with  improving 
existing  types,  has  it  been  possible  to  put  electronics  to 
work  in  so  many  places.  Making  tubes  is  not  our  business. 
Yet  we  at  Speer  are  keenly  aware  of  the  almost  incredible 
wartime  record  achieved  by  th(^  who  do  while  taking 
little  or  no  credit  for  themselves.  For  their  vital— though 
still  largely  censored  and  unheralded  role  in  gaining 
Viaory,  it  seems  uniquely  fitting  to  say  "Well  done”  to 
ell  tube  manufacturers,  many  of  whom  it  has  been  our 
privilege  to  serve. 


SPEER 

CARBON  COMPANY 
ST.  MARY'S,  PA. 


PRODUCERS  OP  EikTRONK  TUBES 


Amparax  Elactronlc  Rrodu^s 
da  Foratt  Idboratarlas,  Laa 

Eifal^MeCullough,  Inc. 

¥ 

Elactronlc  Entarprisas,  Inc. 

Fadartil  Talaphona  and  Radio  Corp. 
Oanarol  Elactric  Co. 

1^';  Ganaral  Elactronics  Company 
Ganaral  Elactronlc  Industrias 
Haintz  A  Koufmah^  Ltd. 

Hytron  Corp. 

Kan«'Rad  Tuba  A  Lomp  Corp. 
Machlatt  Loborotorlas 
_  ^Notionol  Union  Radio  Corp. 

I North  Amarlcon  Fhlllps  Co.  ^  ^ 
Raythaon  MPg^  Co. 

Radio  Corp.  oP  Amarico 
$al-Mor  Loborotorlas 
Slotar  Elactric  A  Mfg.  Co.,  Inc. 
Sparry  Gyroscopa  Co.,  Inc. 

Sytvania  Elactric  Products,  Inc. 
Taylor  Tubas,  Inc. 

Tronslita,  Inc. 

o 

Tpil0>$oi  Lamp  Works,  Inc. 

Unltad  Elactronics  Co. 

Wpitarfi  Elactric  Co.,  Int. 

1W%i||tlGttousa  Lomp  Olv., 

;  f||l^^|Hoysa  Elactric  A  M%.  Co. 


CHICAGO  •  CLEVELAND  •  DETROIT 
MILWAUKEE  •  NEW  YORK  •  PinSBURGH 
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in  COMMUNICATIONS-ELECTRONICS 


Scientific  progress  is  entering  upoa  a  new  productive  era.  Now 
is  the  time  to  step  up  your  knowledge.  Be  ready  for  new  ideas 
.  .  .  profitable  opportunities.  Look  over  the  important  titles  listed 
below.  Then,  make  your  selection  and  order  from  the  coupon  today. 

PRINCIPLES  OF  RADIO^Fifth  Edition 

By  Keith  Henney 

1945  534  Pages  $3.50 

Designed  for  those  with  or  without  technical  training  in  radio  who  want  a 
working  knowledge  of  the  basic  principles  of  radio  communications.  Starts  with 
the  fundamental  principles  of  electricity,  and  gradually  develops  the  subject  of 
radio  practice.  Thoroughly  revised  to  include  recent  developments  and  future 
methods. 


FIELDS  AND  WAVES  IN  MODERN 
RADIO 

By  Simon  Ramo  and  John  R.  Whinnery 
1944  503  Pages  |5.00 

An  authoritative  coverage  of  this  field,  requiring 
only  a  basic  knowledge  of  elementary  c^culus 
and  physics,  which  gives  a  rigorous  account  of 
the  technique  of  applying  field  and  wave  theory 
to  the  solution  of  modern  radio  problems. 

HYPER  AND  ULTRA-HIGH  FREQUENCY 
ENGINEERING 

By  Robert  I.  Sarbacher  and  William  A.  Edson 
1943  644  Pages  15.50 

A  practical  treatment  of  an  important  new  branch 

of  communications  engineering,  requiring  no 
special  advanced  knowledge.  Of  value  to  the 
beginner,  as  well  as  to  those  having  some 
familiarity  with  the  subject. 

FUNDAMENTALS  OF  ELECTRIC 
WAVES 

By  Hugh  H.  Skilling 

1942  186  Pages  12.75 

Discusses  the_  principles  of  wave  action  as  ap¬ 
plied  to  engineering  practice,  with  particular 

emphasis  on  the  basic  ideas  of  Maxwell’s  equa¬ 
tions  and  repeated  use  in  simple  examples;  also 
on  physical  concepts  and  mathematical  rigor. 

APPLIED  ELECTRONICS 

By  the  Electrical  Engineering  Staff,  Massa¬ 
chusetts  Institute  of  Technology 

1943  772  Pages  |6.50 

Provides  a  thorough  understanding  of  the  char¬ 
acteristics,  ratings,  and  applicability  of  electronic 
devices.  Gives  a  working  knowledge  of  the 
physical  phenomena  involved  in  electronic  con¬ 
duction,  plus  its  applications  common  to  various 
branches  of  engineering. 


HIGH  FREQUENCY  THERMIONIC 
TUBES 

By  A.  F.  Harvey 

1943  244  Pages  $3.00 

Gives  the  details  of  these  important  new  tubes 
and  describes  the  experimental  work  that  has 
been  done  with  them.  Presents  a  thoroughly 
comprehensive  account  of  the  properties  of 
thermionic  tubes  at  very  high  frequencies  and 
their  relation  to  those  of  the  associated  electric 
circuits. 


THE  TECHNIQUE  OF  RADIO  DESIGN 

By  E.  E.  Zepler 

1943  312  Pages  $3.50 

Thoroughly  practical,  this  treatment  of  radio 
design  deals  with  the  day-to-day  problems  of  the 
radio  engineer,  both  “in  the  development  and  in 
the  testing  of  radio  receiving  apparatus  of  all 
types. 


ELECTRON  OPTICS  AND  THE  ELEC¬ 
TRON  MISCROSCOPE 

By  V.  K.  Zworykin,  G.  A.  Morton,  E.  G.  Ram- 
berg,  J.  Hillier,  and  A.  W.  Vance 
1945  Approx.  Pages  759  Probably  $10.00 
A  comprehensive  coverage  of  the  entire  field, 
presenting  a  thorough  discussion  of  various  types 
of  electron  microscopes,  and  offering  a_  survey 
of  theoretical  and  practical  electron  optics. 


TIME  BASES— (Scanning  Generators) 

By  O.  S.  Puckle 

1943  204  Pages  $2.75 

Covers  the  subject  from  both  the  design  and  the 
develtmment  points  of  view;  assembles  more 
time  bases  circuits  than  have  heretofore  been 
available  in  one  volume. 


PRINCIPLES  OF  ELECTRONICS 

By  Royce  G.  Kloeffler 

1942  175  Pages  $2.50 

Tells  clearly  and  simply  the  story  of  electron 
theory  and  the  operation  of  the  electron  tube. 
Beginning  with  the  discovery  of  the  electron 
and  the  forces  of  attraction  and  repulsion  of 
charged  particles,  the  entire  action  taking  place 
in  electronic  devices  is  carefully  explained. 


HOW  TO  PASS  RADIO  LICENSE 
EXAMINATIONS— Second  Edition 

By  Charles  E.  Drew 

1944  320  Pages  $3.00 

This  revised  edition  of  a  well-known  bode  offers 
recent  material  for  amateur  radio  operators, 
radiotelephone  and  telegraph  operators,  whether 
in  the  broadcasting,  marine,  aeronautical,  or  any 
other  field  of  transmission  or  reception. 


APPROVAL  COUPON*"""— 

JOHN  WILEY  &  SONS,  Inc. 

440  Fourth  Ave.,  New  York  16,  N.  Y. 

Please  send  me  on  ten  days’  approval  the  books  I  have  checked  in  this  advertisement 
(or  I  am  attaching  to  this  coupon  a  separate  list  of  the  books  desired).  At  the  end  of 
that  time,  if  I  decide  to  keep  the  books,  I  will  remit  indicated  price  plus  postage; 
otherwise  I  will  return  the  books  postpaid. 

Name  . 

Address  . 

City  and  State . 

Employed  by . . . E-9-4S 


adelphia,  Pa.,  will  manufacture  and 
sell  the  all-electronic  drying  system 

developed  by  RCA  to  produce  peni¬ 

cillin. 

The  Robinson-Houchin  Optical 
Co.,  Columbus,  Ohio,  has  changed 
the  name  of  its  electronic  equip¬ 
ment  from  Radiotone  to  Kad-0- 
Recorder. 

Industry  Inventions,  Inc.  has 
been  established  in  Ohio  to  license 

the  use  of  electronic  vulcanization 

in  the  manufacture  of  rubber  and 
plastic  products.  Available  patents 
will  be  those  held  by  B.  F.  GoodriA 
Co.  and  Firestone  Tire  &  Rubber 
Co. 

Strom  BERG  Carlson  Co.,  Rochest*, 
N.  Y.,  is  building  a  $300,000  annex 
with  a  capacity  of  60,000  sq.  ft 
Space  will  be  used  for  making  cab¬ 
inets. 

Majestic  Radio  &  Television  Ck)RP. 

is  building  a  new  factory  just  north 

of  the  Elgin,  Ill.,  city  limits.  The 
plant,  the  company’s  third,  will  in¬ 

volve  about  160,000  sq  ft  with  plans 
for  expansion  to  243,000. 

ViEWTONE  Co.,  New  York,  N.  Y.  has 

1  introduced  the  low’-cost  table  modd 


television  receiver  illustrated  here¬ 
with.  It  is  designed  to  retail  at 
approximately  $100. 

Meissner  Mfg.  Co.,  Mt.  Carmel, 
Ill.,  is  purchased  for  cash  by 
Maguire  Industries  and  merged 
with  the  latter  concern  as  an  inde¬ 
pendent  division.  No  changes  are 
planned  in  policy  or  operation  ex¬ 
cept  that  there  will  be  an  expansion 
of  sales  volume  made  pos.sible  by 
increased  capitalization. 

Radel  Mfg.  Co.,  Cleveland,  Ohio, 
is  a  new  company  founded  to  manu¬ 
facture  a  line  of  automobile  radio 
antennas  as  well  as  radio  parts  an 
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BUY 

MORE 


SEND  FOR  THIS 


RESISTOR 


ATA 


For  the  convenience  of  designers  of  products  re¬ 
quiring  resistors,  Ward  Leonard  offers  this  new 
Resistor  Handbook.  It  describes  in  detail  the 
lull  line  of  wire-wound  resistors  giving  complete 
information  on  mountings,  enclosures,  terminals 
*nd  resistance  values.  Write  for  your  copy  today. 

Ward  Leonard  electric  company  •  32 
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WAR  BONDS 


ARD  UeiAIR 

RELAYS  •  RESISTORS  •  RHEOSTATS 

Ehetrie  control  devices  since  1892. 
SOUTH  ST.  •  MOUNT  VERNON,  N.  Y. 
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ECTR0NIC5 


THIS  VALUABLE  BOOK 
On  Temperature  Control 


Mailed  to  you 
without  obligation 
immediately 


TO  ELECTRICAL  EQUIPMENT 
MANUFACTURERS 


Before  deciding  on  temper¬ 
ature  regulating  devices  for 
your  products,  be  sure  to  in¬ 
vestigate  Fenwal  Thermo- 
switdies.  They  operate  on  an 
unusual  principle,  and  offer 
many  advantages  not  found 
in  other  types  of  switches. 
The  Fenwal  Engineering 
Data  Book  contains  detailed 
drawings  of  construction  of 
various  models  and  typical 
installations. 

"IF  IT’S  A  FENWAL— 


•  Compact  construction  per¬ 
mits  installation  in  tight 
places. 

•  Make  and  break  unafiFect- 
ed  by  external  vibration. 

•  Readily  adjustable  for 
wide  range  of  temperature 
control. 

•  Minutely  accurate. 

•  Adaptable  for  all  types  of 
media. 

•  Inexpensive. 

•  A  44-page  treatise  on  Thermal 
Control  including  installation 
drawings,  photographs,  hlueprints 
and  descriptive  suggestions  ,  for 
future  planning  with  basic  princi¬ 
ples  involved  in  temperature  ref¬ 
lation  and  control.  .  .  .  Just  write 
for  your  free  copy  on  your  busi¬ 
ness  letterhead. 

IT’S  THE  BEST  OF  ALL’’ 


>TNEIieSWITCIIES 


enuiaik 


fll  CIMPltTI  TEMPtlSTIIE  CINTIIl 


49  Pleosani  Sir**!,  Ashland,  AAottachwtalls 


equipment.  It  is  headed  by  Sidn^ 
Ludwig,  former  chief  engineer  o: 
Ward  Products. 


I 


Hoffman  Radio  Corp.  has  unde 
construction  a  new  plant  annex,  u 
at  the  same  time  leasing  three  other 
buildings,  and  has  purchased  a  neu 
brick  32,000  sq  ft  structure  adja 
cent  to  its  present  quarters  in  Lo= 
Angeles,  Calif. 


General  Electric  X-ray  C!orp. 
moves  its  main  office  from  the  plan^ 
to  the  Insurance  Exchange  Bldg,, 
175  Jackson  Blvd.,  Chicago.  The 
five-story  building  thus  made  avail 
able  will  be  used  for  manufacturin? 


purposes. 


Federation  of  Broadcasting  As 

SOCIATIONS  is  the  name  of  a  nev-i, 
merged  organization  including  Hoi 
land's  four  leading  broadcasting  as 
sociations  which  before  the  war 
shared  two  stations  at  Hilversum. 


Emerson  Radio  &  Phonograph 
Corp.  has  launched  its  postwar 
product  and  policy  campaign  by  re¬ 
vealing  the  design  of  specific 
models  of  its  projected  radio  re- 


Ferrocart  Corp.  of  America  and 
Micro  Products  Corp.,  both  located 
in  Hasting-on-Hudson,  N.  Y.,  have 
been  acquired  by  Maguire  Indus¬ 
tries  Inc. 


PERSONNEL 


Anthony  Lambo  becomes  vice- 
president  and  general  manager  of 
Mectron  Corp.,  Lawrence,  Mass.  In 
this  capacity  he  heads  up  electronic 
and  mechanical  engineering  activi¬ 
ties  in  the  company. 


Melvin  E.  Karns,  RCA  Victor  Di-|  | 
vision,  RCA,  Camden,  N.  J.,  is  des¬ 
ignated  director  of  the  Radio  and 
Radar  Division  of  WPB.  He  suc¬ 
ceeds  Louis  J.  Chatten.  Mr.  Chatten 
becomes  vice  president  and  general 
commercial  manager  of  North 
American  Philips  Co.,  New  YoA 
N.  Y.  John  Creutz  becomes  assi*” 
tant  director  for  production  to  ^ 
place  Mr.  Karns. 


pRANCis  X.  Rettenmeyeb  is  ap” 
pointed  chief  components  engin^ 
of  Federal  Telephone  and 
Corp.,  Newark,  N.  J.  Mr.  BcttfJi’ 
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A  few  of  the  125  different  wires,  cables  and  cords  devdoped  by 
Rockbestos  to  meet  severe  or  unusual  operating  conditions. 
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Don'f  Let  Repairs  and  Replacements 
Leave  You  "Holding  the  Bag" 


Make  sure  wire  meets  the  '^specs^^ 
for  trouble-free  performance  in 
every  service  condition 


I 


ROCKBESTOS  FIREWAU  RADIO  HOOKUP  WIRE 

The  first  lightweiKht,  sniall  diameter,  flame-resistant  hookup  wire  designed 
in  1037  and  widely  used  since  in  airborne  and  ground  communications 
systems,  electronic  devices,  instruments  and  apparatus.  Operating  tem¬ 
peratures  range  from  H5°  C.  to  minus  50°  C.  Also  with  tinned  copper 
shielding  braid  and  in  twisted  pair  or  tripled  construction.  Sizes  No.  88  to  4 
AWG  in  1000-vult  rating,  and  No.  18, 14  and  16  AWG  in  3000-volt. 


ROCKBESTOS  A.V.C.  600  VOLT  FLEXIBLE  CORD 

This  heat-resisting  flexible  cord  is  ideal  for  apparatus  leads,  etc.,  where  a 
heavy  duty  high-dielectric,  heat  and  moisture  resistant  cord  is  required. 
Labeled  cord  with  polarized  conductors  if  desired.  Sizes  No.  10  to  18  AWG 
with  two  or  three  conductors  insulated  with  impregnated  felted  asbestos, 
varnished  cambric,  felted  asbestos  and  covered  with  asbestos  braid.  May 


This  unusually  small  diameter,  light  weight,  high-dielectric  No.  86  AWG 
three  conductor  cable  was  designed  for  an  electronic  device  in  which  three 
No.  88  AWG  single  conductor  aircraft  circuit  wires  previously  used  proved 
too  bulky.  It  is  made  to  a  nominal  diameter  of  .185"  (smaller  than  a 
No.  14  AWG  single  conductor  1000-volt  Ibwkbestos  Firewall  Radio 
Hookup  Wire).  Also  made  in  four,  five  and  six  conductor  construction, 
and  in  No.  84,  88  and  80  AWG. 


You  may  not  be  able  to  anticipate  everything  that  your 
product  will  stack  up  against  in  service  .  .  .  but  you 
should  consider  all  probable  trouble  factors  such  as  high 
operating  and  ambient  temperatures,  vibration,  moisture, 
fungus,  oil,  grease,  corrosive  fumes  and  fire  hazard  .  .  . 
then  wire-plan  for  dependable  performance  by  selecting 
wires,  cables  and  cords  that  meet  your  requirements  and 
provide  an  ample  safety  margin  as  well. 

For  performance  protection  that  pays  off  in  satisfied 
customers  by  practically  eliminating  wire-failure  break¬ 
downs,  rewiring,  replacements  and  service  calls,  specify 
Rockliestos  permanently  insulated  wires,  cables  and  cords. 
Every  one  of  the  125  different  standard  constructions, 
ranging  from  1000  volt  No.  22  Radio  Hookup  Wire  to 
50(K)  volt  Rockbestos  A.V.C.  Power  Cable,  was  designed 
to  provide  a  better  wire  for  a  severe  or  unusual  application 
•  • .  and  Rockbestos  Research  is  always  willing  to  work  up 
a  special  if  you  need  it. 

A  phone  call  or  letter  will  bring  complete  information  or 
engineering  assistance  in  your  wire-planning  from  the 
nearest  district  oflSce  or: 


ROCKBESTOS  MULTI-CONDUCTOR 
FIREWAU  RADIO  HOOKUP  CABU 

This  type  of  cable  is  made  up  of  1000-volt 
rated  individual  Firewall  Radio  Hixikup  Wires 
of  required  size  and  number  of  conductors, 
cabled,  and  braided  or  shielded  according  to 
customer’s  specification.  For  example,  this  special 
14  conductor  No.  88  AWG  cable  was  tapeil,  shielded 
with  tinned  copiter  braid,  then  jacketed  with  a  black 
glazed  cotton  braid  with  a  flame-resistant  finish. 


Another  New  Rockbestos  Firewall  Construction ! 

War-developed  Rockbestos  High-Temperature  Wire  —  with  a 
maximum  (//jeTatino  temperatuTe  of  F,  —  desif^ned  f'-r  jet 

propelled  plane  applications  and  circuits  to  hot- wing  de-icers, 
fire  detectors  and  extinguishers,  and  air  conditioning  and 
heatinf^  units  where  baking  tenqierat ures  destroy  ordinary 
insulation.  Under  continuous  op*Tation  at  rated  temperature 
it  retains  its  original  dielectric  strength  and  inherent  resistance 
to  heat  and  flame,  and  jjrofireiaiwly  imiirovrg  in  its  resistance  to 
moisture  and  abrasion.  It  is  now  available  for  these  and  other 
severe  applications.  Write  for  complete  information  and  samples. 


EH  is  V 

5 

nd  Baiii'! 
r.  Rettefr 


ROCKBESTOS  PRODUCTS  CORPORATION 
428  Nicoll  Street,  New  Haven  4,  Conn. 

^^Yofk  BufTalo  Cleveland  Chicago  Pitnburgh  St  Louis 
to*  Angeles  San  Francisco  Seattle  Portland,  Ore. 


ROCKBESTOS  RESEARCH 

Solves  Diffkolt  Wiring  Problems 

Invest  in  U.  S.  Victory  Bonds  I 
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meyer,  who  will  be  in  charge  of 
engineering  of  selenium  rectifiers, 
quartz  crystals,  transformers  and 
coils,  special  purpose  and  transmit¬ 
ting  tubes  and  cables,  was  formerly 
chief  receiver  engineer  and  staff  en¬ 
gineer  of  RCA  Victor  Division 
RCA. 


W.  S.  Winfield,  formerly  with 
Colonial  Radio,  Buffalo,  joins  West- 
inghouse  Electric  Corp.  to  become 
chief  engineer  of  the  home  radio 
division. 


Lawrence  C.  F.  Horle,  New  York 
consulting  engineer,  is  appointed 
chief  engineer  in  the  engineering 


Yours  for  the  asking 


department  of  RMA.  He  will  be 
responsible  for  management  of  the 
department,  including  the  RMA 
Data  Bureau  and  related  activities. 


A  new  informative  booklet  on 


It  has  illustrated  sections 


A.  D.  Willard,  Jr.,  manager  of 
Radio  Station  WBT,  fills  the  newly 
created  office  of  executive  vice- 
president  in  NAB  (National  Asso¬ 
ciation  of  Broadcasters). 

Esterly  Chase  Page,  until  recently 
a  lieutenant  colonel,  U.  S.  Army 
Signal  Corps,  joins  the  Mutual  net¬ 
work  in  the  newly  created  post  of 
engineering  director.  He  will  head 
up  a  new  technical  planning  and 
engineering  department  and  be  re¬ 
sponsible  for  future  f-m  and  tele¬ 
vision  activities  as  well  as  improve¬ 
ments  on  present  a-m  facilities. 

Henry  F.  Dever,  vice-president  in 
charge  of  engineering  for  MiO' 

neapolis  Honeywell-Regulator  Co.* 


practically  every  known  form  of  gearing, 
together  with 


many 


tables  and  formulas.  Write  for 


on  your  company  stationery.  \ 


1910  N.  Front  Street,  Philadelphia  22,  Pa 
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Top  view  of  fhe  Accessory  Tobfe  of  the 
S.  S.  White  "MASTER"  Dtntal  Unit  with 
cover  removed,  showing  use  of  a  short 
ffexib/e  shaft  to  coupfe  control  knob  rod 
to  contact  arm  of  rotary  switch. 


Electronic  Equipment  generally  Coupling  of  the  elements  to 

Includes  elements  which  require  their  controi  knobs  with  S.  S. 

rotational  adjustment.  In  design-  White  flexible  shafts  Is  the 

Ing  the  Internal  arrangement,  po-  simple  solution.  It  gives  complete 

sitloning  of  these  elements  Is  de-  freedom  of  location  as  can  be 

termined  by  considerations  of  appreciated  from  a  look  at  the 

simplification  of  assembly  and  aPf'lcations  illustrated.  And 

.  .  .  .  ,  nothing  is  lost  in  the  quality  of 

wiring,  space  saving,  convenient 

servicing.  At  the  same  time,  con-  $.  S.  White  remote  control 

trol  knobs  or  dials  must  be  placed  shafts  provide  operation  that  Is 

where  they  will  be  In  ready  reach  as  smooth  and  sensitive  as  a  dl- 

of  the  operator.  rect  connection. 

GET  FULL  INFORMATION  ABOUT  COUPLING  IN 
THIS  FLEXIBLE  SHAFT  HANDBOOK 

This  256-page  volume  completely  covers  the  subject  of  flexible  shafts, 
coupling  included.  It  gives  all  technical  data  and  information 
essential  to  working  out  actual  applications.  A  complimentary  copy 
will  be  mailed  to  you  if  you  will  write  for  it  on  your  business  letter- 
head  and  mention  your  position. 


TM  coupling  with  S.  S.  WMf  ffex/b/e 
»mti  girtt  compfefe  froodom  In  pfac- 
isg  rarlablo  olomonts  Is  door  from 
nit  Intsrior  vlow  of  a  largo  broadcast 
[nimlfftr.  Note  contralizod  con- 


— »  DifT.  I.  10  EAST  40th  ST..  MEW  TOOK  1*.  N.  Y. 
PIEXIBIE  SHAFTS.  AIICRAFT  ACCESSORIES 

MOLDED  riASTICS 

MOLDED  RESISTORS  FLEXIBLE  SHAFT  TOOLS 


®^R0NICS  — Oefober  1945 


371 


milirmm 


YOU  CAN  RELY  ON 


CLIPS 


HOOKS 


ROUND  AND  FLAT 


BENDS 


WIRE  SPRINGS 


light  stampings 


mmwmm 


The  efficiency  of  your  product — if  it  requires  springs — is  highly 
dependent  on  the  qualify  of  those  springs.  With  little  or  no  dif- 
flgjmMB  ference  as  to  cost,  the  service  life  and  performance  of  your  equip- 
ment  can  be  radically  improved  by  proper  attention  to  the  design, 
material,  and  workmanship  on  your  springs. 

Reliable  is  thoroughly  experienced  on  all  varieties  of  springs,  wire  forms  and 
light  stampings,  with  special  emphasis  on  precision  work  requiring  close  toler< 
ances.  Our  facilities  and  personnel  are  exceptional  because  our  kind  of  cus¬ 
tomers  very  often  demand  exceptional  results. 

On  all-out  war  production.  Reliable  has  really  done  things  with  springs— at¬ 
tained  results  which  we  will  certainly  later  turn  to  good  account  on  your 
civilian  needs.  Remember  that  for  experimental  springs  or  small  lots,  our  small 
order  department  is  at  your  service.  If  you're  in  a  hurry — ^we  have  the  facilities 
and  the  materials  for  double-quick  deiiveryl 


A$k  for  Reliable  Catalog  44, 


THE  RELIABLE  SPRING  &  WIRE  FORMS  CO 


RepresenfotivM  la  friaelpal  Clfla* 


Minneapolis,  Minn.,  succeeds 
Charles  B.  Sweatt  as  president  of 
the  wholly-owned  subsidiary,  Brown 
Instrument  Co.  He  will  be  replaced 
by  W.  J.  McGoldrick,  vice-president 
in  charge  of  aeronautical  engineer¬ 
ing. 

Paul  H.  Frye,  chief  engineer  at 
Electronic  Laboratories,  Chicago, 
Ill.,  has  the  new  title  of  vice- 
president. 

Frances  B.  Smith  is  appointed  to 
the  post  of  chief  engineer  at  the 
Rola  Co.,  Cleveland,  Ohio.  He  was 
formerly  in  charge  of  audio-fre¬ 
quency  and  acoustics  in  Zenith 
Radio  Corp. 

E.  M.  Webster,  captain  and  chief 
communications  officer  of  the  U.  S. 
Coast  Guard  is  promoted  to  the 
rank  of  commodore. 

M.  L.  Redman  is  in  charge  of  the 
electron  microscope  field  engineer¬ 
ing  group  of  RCA  Service  Co., 
Camden,  N.  J.  He  has  been  active 
in  the  supervision  of  electron  micro¬ 
scope  installations. 

G.  A.  Beck  becomes  manager  of  the 
industrial  design  division  in  Gen¬ 
eral  Electric  Co.’s  electronics  de¬ 
partment. 

Frank  W.  Walter  of  the  Michigan 
State  Police  leaves  the  presidency 
of  APCO  (Associated  Police  (Com¬ 
munications  Officers)  to  become 
chief  communications  engineer  of 
Greyhound  Corp.  He  is  replaced  by 
Ray  Groenier,  Madison,  Wis. 

Louis  Martin  is  appointed  manager 
of  the  application  engineering  sec¬ 
tion  of  the  RCA  tube  division. 

W.  L.  Everitt,  chief  of  the  opera¬ 
tional  research  branch  in  the  olBee 
of  the  chief  signal  officer,  has  been 
released  from  active  service  to  re¬ 
turn  to  his  duties  as  head  of  the 
department  of  electrical  engines- 
ing  at  the  University  of  Illinoii 
He  is  also  president  of  IRE. 

Leroy  D.  Weld  is  director  of  re¬ 
search  at  the  Turner  Co.,  Ceb^ 
Rapids,  Iowa.  Dr.  Weld,  professiff 
of  physics  at  Coe  College,  formerff 
conducted  part  time  research 
the  company. 

Arthur  C.  Omberg  becomes  chi^ 
research  engineer  of  the  Ben^ 
Radio  Division,  Bendix  Avi»ti®* 
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EXTENDS  COMMUNICATION  ACTIVITIES 

BY  ACQUIRING 


THE  HALSTEAD 

TRAFFIC  COMMUNICATIONS  CORPORATION 


WiLUAM  S.  Halstead,  presi* 
dent  of  the  Halstead  Company, 
joins  the  Farnsworth  organ!* 
ation  as  consultant  on  radio 
communications  equipment 
and  traffic  control,  as  well  as  on 
other  phases  of  Farnsworth’s 
broad  electronic  develop¬ 
ments. 


John  A.  Cu*tb,  vice  president 
®f  the  Halstead  Company  and 
tbairman  of  its  management 
OHnmittee,  joins  the  Fams- 
*onh  organization  as  manager 
of  the  mobile  communications 
division. 


To  EXTEND  its  broad  communications  activities  into  the  rapidly  ex¬ 
panding  field  of  mobile  railway  and  highway  communications  and  con¬ 
trol,  Farnsworth  has  acquired  the  assets  of  the  Halstead  Traffic  Commu¬ 
nications  Corporation,  including  its  developments,  designs  and  patents. 
Key  personnel,  including  William  S.  Halstead,  president,  and  John  A. 
Curtis,  vice  president,  have  joined  the  Farnsworth  staff. 

The  Halstead  organization  is  a  recognized  pioneer  in  this  relatively 
new  field  of  radio  communications.  It  has  invented,  developed  and 
produced  field-tested  equipment  to  provide  railroads  with  modem, 
imfailing  radio  communications.  It  gave  the  world  its  first  successful 
highway  radio  service,  including  the  centralized  control  of  busses,  trucks 
and  passenger  vehicles. 

The  Halstead  technical  staff  will  establish  new  headquarters  at  the 
Fort  Wayne  Farnsworth  laboratories.  The  organization  will  be  merged 
and  coordinated  with  more  than  two  hundred  Farnsworth  research  and 
development  engineering  personnel— a  staff  of  scientists  and  technicians 
recognized  as  one  of  the  country’s  leading  technical  organizations  in 
the  development  of  television;  broadcast  transmitters  and  receivers; 
radio-phonographs,  and  the  most  complicated  types  of  radio  and  radar 
equipment  for  the  Armed  Forces. 

Farnsworth  resomrces,  plus  its  seventeen  years  of  electronic  pioneer¬ 
ing,  its  extensive  engineering  staff,  and  specialued  manufactiuing  facili¬ 
ties,  will  strongly  augment  the  outstanding  position  of  the  Halstead 
developments  in  this  field. 


FARNSWORTH  TELEVISION  &  RADIO  CORPORATION 

FORT  WAYNE  1,  INDIANA 

Fntworth  Radio  and  Television  Rocolvers  and  Transmitters  •  Aircraft  Radio  Equlpnwot  •  Famswortli  Taiovision  Tubes  •  Halstead  Mobile 
^*Mwnlcations  and  Control  Systems  for  Rail  and  Hishway  •  tfw  Farnsworth  Phonograph-Radio  •  the  Capohart '  •  the  Capohart-Panamuse 

I 

^RONICS  —  Oc/ober  1945 


■Olga;  .a 


A^^FOR  MODEL  MCI 
AND  MODEL  MCM 

LEVER  SWITCHES 


36000  SERIES 

Cramk  Matp  or  Grid  Caps 

A  iMW  addMon  Do  Ihit  mtIm  of  oxclutivo 
Millofl  "Dodgnod  for  Applicirtien"  predwcte 
it  tho  36004  for  oto  on  hibot  with  Va"  di> 
omolor  contacit.  ffBcionl,  compact,  ooty  Do 
wto  and  nool  oppooring.  Soldoring  lug  and 
contact  ono-ploco.  Lug  oort  onnoolod  and 
toldor  dippod  to  focilitata  ooty  comUncrtion 
"nMchonlcol  plus  toldorod”  connoction  of 
coMo.  No.  36001  for  9/16"  tubo  terminals. 
No.  36002  for  No.  36004  for  Va". 


JAMES  Ml LtEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACrORfY 

MALDEN 

MASSACHUSETTS 


With  Single  Bolt  Assembli 

|BVER  run  into  a  problem  like  Hie  wiring 
**  shown  above  ?  Or  worse  ?  Standard 
Gectric  Time  Co.,  Springfield,  Mass.,  did 
and  solved  it  by  using  General  Corriral 
Company’s  Models  MCI  and  MCM  Isvsr 
Switches!  The  Models  MQ  and  MCMhovt 
mgh  holt  assembly  — ■  this  means  yos 
can  attach  the  switch  frame  to  the  pontl 
practically  anywhere  you  like,  solder  1h« 
wiring  to  the  contacts  (at  a  bench,  if  yos 
wish),  then  connect  the  contocts  to  Ihs 
frame  with  o  single  bolt.  This  feohirs 
saves  maintenance  time  too,  because  Ihs 
frame  can  be  removed  and  repeksd, 
or  r  e  p  I  a c  e  d 
without  disturbing 
the  wiring.  Write 
for 

Catalog  No.  200 

front  view  of  pono 

>  General  Control  Compani 

h  1202  Soldiers  Field  Rood 

^  Boston  34,  Mass.  // 
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timore,  Md.  He  was  formerly  senior 
engineer  with  the  Stromberg-Carl- 
son  Co. 

William  G.  Moran,  superintendent 
of  electronic  tube  manufacturing 
at  Westinghouse  Electric  &  Mfg. 
Co.,  Bloomfield,  N.  J.,  is  given  the 
company's  honorary  award — the 
Order  of  Merit.  His  citation  is  for 
recognition  of  pioneering  in  engi¬ 
neering  development  and  manufac¬ 
ture  of  radar  transmitting  tubes. 

AWARDS 

Workers  of  the  following  concerns 
in  the  electronics  field  have  been 
awarded  Army-Navy  burgees  for 
excellence  in  production: 

Federal  Telephone  &  Radio 
Corp.,  Newark,  N.  J. 

North  American  Philips  (k). 
Dobbs  Ferry,  N.  Y. 

Mount  Vernon,  N.  Y. 

Sylvania  Electric  Products 
Wakefield,  Mass. 


Corp.,  Baltimore,  Md.  Formerly 
assistant  chief  of  operational  re¬ 
search  in  the  U.  S.  Army  Signal 
Corps,  he  will  be  responsible  for 
long-term  product  development  and 
electronic  research  in  radio,  radar 
and  television. 


Harold  Goldberg  becomes  research 
engineer  in  the  Bendix  Radio  Divi¬ 
sion  of  Bendix  Aviation  Corp.,  Bal- 


36001 


36002 


Thanks  for  your  co-operation 

•  •  •  Now  we 

can  deliver « TUNGSTEN  molybdenum 


roos 


.bars-'"*** 


Here’s  news  of  interest  to  you! 

As  you  know,  supplies  of  tungsten  and  molybdenum 
products  have  been  limited.  During  the  shortage  we 
tried  every  means  of  getting  as  much  of  these  materials 
to  you  as  possible.  Thanks  for  understanding  the  limita¬ 
tions  imposed  on  us  and  accepting  them. 

Now  we  can  deliver,  on  short  order,  most  of  the 
tungsten  and  molybdenum  products  you  need — in  rod, 
bar,  wire,  sheet  or  powder  form. 

Every  one  of  the  tungsten  or  molybdenum  products 
•applied  by  North  American  Philips  is  backed  by  the 


OTHER  PRODUCTS;  Quartz  Oscillator  Plates;  Cathode  Ray  Tubes;  Searchray  ( Industrial  X-ray) 
Equipment;  X-ray  Diffraction  Apparatus;  Medical  X-ray  Equipment.  Tubes  and  Accessories:  Fine 
Wire;  Diamond  Dies.  •  We  invite  you  to  visit  our  office  and  showroom  when  in  New  York  City. 

NOeiN  AMERICAN  PHIUPS  COMPANY.  INC. 

Dept.  S-10, 100  East  42nd  Street,  New  York  17.  N.  Y. 

Factories  in  Dobbs  Ferry,  N.  Y.;  Mount  Vernon,  N.  Y.  (Metalix  Div.);  Lewiston,  Me.  (Elmet  Div.) 
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oreico  Electronic  Products  by 
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knowledge  of  processes  and  techniques  developed  by 
an  organization  with  a  background  of  over  half  a 
century  in  the  electrical  field.  Every  piece  of  material 
is  controlled  to  your  most  rigid  specifications. 

North  American  Philips  can  supply  your  needs  in  a 
variety  of  sizes,  shapes  and  thicknesses  and  deliver 
on  short  order. 

So,  when  you  want  tungsten  or  molybdenum  rod,  bar, 
wire,  powder,  or  sheet  stock— write,  wire  or  telephone 
North  American  Philips.  And  remember,  the  services  of 
our  application  engineers  are  also  at  your  disposal. 


NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 

jack  is  provided  for  head  tele¬ 
phones. 

The  entire  assembly  is  com¬ 
pletely  self-contained.  Sensitivity 
of  the  instrument  is  high  and  no 
direct  connection  to  the  source  un¬ 
der  measurement  is  required.  The 
pickup  obtained  by  the  adjustable 
antenna  (mounted  on  the  panel)  is 
usually  adequate,  but  provision  is 
made  for  connecting  an  additional 
pickup  wire.  Tubes  and  batteries 
are  supplied  with  the  instrument. 
Overall  dimensions  are  12i  x  13^  x 
10  J  in.  The  unit  weighs  271  lb, 
with  battery,  and  is  priced  at  $250. 

General  Radio  Co.,  275  Massa¬ 
chusetts  Ave.,  Cambridge  39,  Mass. 

Ground  Station 
Transmitters 

Two  TYPES  OF  GROUND  station  trans¬ 
mitters  are  available  from  Bendix 
Radio,  Baltimore,  Md. 

The  first  of  these  is  described  in 
Bulletin  No.  SE-113  and  is  desig¬ 
nated  as  Model  TG-15.  It  is  a  me- 


frequencies  above  200  me  har¬ 
monics  of  the  internal  oscillator 
product  beats  with  the  unknown 
frequency.  The  internal  oscillator 
uses  a  butterfly-type  circuit  in 
which  capacitance  and  inductance 
are  varied  simultaneously.  No 
sliding  contacts  are  used  in  this  cir¬ 
cuit  and  no  current  is  carried  by 
the  bearings;  consequently,  smooth 
and  stable  adjustment  of  the  fre¬ 
quency  can  be  made  over  the  fre¬ 
quency  range  of  the  instrument. 

The  detector  is  a  silicon  crystal  so  dium-power  transmitter  for  opera- 
mounted  that  it  is  easily  accessible  tion  in  the  low-frequency  (200-540 
for  replacement.  A  three-stage  kc),  high-frequency  (2.5-15  me), 
audio  amplifier  is  included,  having  and  very  high-frequency  (118-132 
a  band  width  of  50  kc.  The  output  me)  bands.  It  can  be  operated  on 
of  the  amplifier  operates  a  panel  four  separate  channels  in  any  corn- 
meter  and  a  built-in  loudspeaker.  A  bination  of  these  frequency  ranges, 
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Heterodyne 
Frequency  Meter 

Type  720-a  heterodyne  frequency 
meter  is  a  compact,  portable,  bat¬ 
tery-operated  instrument  for  fre¬ 
quency  measurements  between  10 
and  3000  me.  The  internal  oscilla¬ 
tor  covers  a  frequency  range  of  100- 
200  me.  For  frequencies  below  100 
me  harmonics  of  the  unknown  fre¬ 
quency  are  made  to  produce  beats 
with  the  internal  oscillator.  For 


and,  as  the  separate  r-f  units  are 
mechanically  interchangeable,  it  U 
easy  to  modify  the  transmitter  for 
a  different  frequency  arrangement 
should  requirements  change  while 
the  unit  is  in  service.  The  h-f  unit 
is  capable  of  operation  on  two  ad¬ 
jacent  channels,  the  vhf  unit  on 
three,  making  it  possible  to  pretune 
as  many  as  12  frequencies  on  the 
same  transmitter.  Either  radio 
telephone  or  radio  telegraph  opera¬ 
tion  may  be  used  with  1-f  and  h-f 
units  while  radio  telephone  only  is 
available  on  the  vhf  unit.  Power 
output  for  continuous  commercial 
service  in  the  low  and  high-fre¬ 
quency  ranges  is  500  watts  and  over 
300  watts  in  the  vhf  range. 

The  second  type  of  transmitter  is 
described  in  Bulletin  No.  SE-114, 
and  is  designated  as  TG-16.  Low- 


frequency  (beacon  and  control 
tower),  high-frequency  (airways 
communications),  as  well  as  very 
high-frequency  (proposed  band  f«f 
all  aircraft  service)  operation  are 
all  available  in  one  transmitter  witi 
power  outputs  ranging  from  IW 
watts  at  vhf  to  190  watts  at  the 
lower  frequencies.  Individual  and 
interchangeable  r-f  sections  make 
possible  a  high  degree  of  flexibility. j 
Up  to  four  such  sections  can  be  op-j 
erated  by  a  single  control  unit,  and 
each  h-f  and  vhf  section  may  he 
pretuned  for  operation  on  either 
two  adjacent  channels.  If  1-f 
ation  is  not  required,  it  is  posaitt* 
to  operate  the  transmitter  on  anf 
‘  one  of  eight  pre-tuned  channels  ns- 
ing  only  four  r-f  sections  and 
control  unit  in  addition  to  the  po^ 
supply  and  modulator.  The  eq# 
ment  is  designed  for  continuous  oP’ 
eration  at  ambient  temperata^^ 
between  —40  and  -1-50  C,  and  r^ 
tive  humidities  between  zero  a®* 
95  percent. 
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model  120  ...  a  New  DeJUR  Miniature  Meter  . . .  precision  instrument 
for  more  permanent  accuracy  in  small  panel  space.  Conforms  to  forthcom- 
MQ  JAN-I<6  specification  . . .  self-contained  up  to  1  ampere  and  150  vohs. 
D.C  or  A.C.  (rectifier)  .  .  .  external  shunts  or  multipliers  ...  in  a  wide 
vorioty  of  ranges. 


AINICO  MAGNETS  .  .  .  highest  grade  . . .  provide  stobility  and  quick 


mponm  under  high  torque,  with  increosed  protection  against  magnetic 


EXTERNAL  PIVOTS  . .  .  insure  maximum  accuracy  .  . .  reduce  pointer¬ 
rocking,  side  friction  between  jewels  and  pivots,  and  wear  on  bearing 
surfaces. 

EXTRA'TIGHT  SEALING..  .  .  completely  waterproof  ...  in  addition, 
rubber  gasket  seals  flange  to  panul.  AAodel  120  is  particularly  adapted  for 
water-proof  equipment.  . 

For  full  information  on  DeJUR  Miniahirtt 
and  special  applications,  write 

OeJUR.AMSCO  CORPORATION.  Long  Island  Cty  1,  N.Y 


External  Pivot 


Compact,  Trouble-free  Modern  Design 


(Not  Used  by  DeJUR) 


(As  Used  by  DeJUR) 
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311  SOUTH  WESTERN  AVE.,  CHICAGO  12,  ILL 


Lineman’s  Bridge 

Small,  rugged  and  compact  enough 
to  be  carried  easily,  this  bridge 
(measures  9  x  5  x  4i  in.  and  weighs 
5  lb  complete)  is  built  to  meet  the 
requirements  of  the  telephone  and 
telegraph  lineman.  It  is  used  to 
measure  the  resistance  of  wires  as 
well  as  the  unbalance  between  two 
wires.  It  can  also  be  used  as  a  gen¬ 
eral  purpose  bridge  up  to  the  limit 
of  its  capacity.  By  throwing  a 
switch  and  changing  the  position  of 


/^VER  10,000  elcc- 
tronic items.. one 
of  the  largest  stocks  in 
the  midwest . .  arc 
available  here  at  W-J 
for  shipment  AT 
ONCE!  Maintenance 
of  Industrial  Elec* 
tronic  equipment  is  a 
highly  developed  spe* 
cialty  of  ours.  Users  of 
elearonic  equipment 
from  coast-to-coast 
will  benefit  from  W-J 
Industrial  Emergency 
Service .  *  countless 
uses  may  be  found  such 
as  those  in  research 
laboratories,  broad* 
Casting  stations,  rail* 
road  communications 
systems,  airport  con¬ 
trol  towers,  shipboard 
radio  instillations,  to 
name  a  few!  Our 
trained  procurement, 
experts  and  technical 
staffs  are  geared  to 
hmetion  with  a  speed 
and  efficiency  unap¬ 
proached  in  the  his¬ 
tory  of  Electronic  Sup¬ 
plies  distribution! 
Save  time  and  trouble. 
Make  us  headquarters 
for  ALL  your  elec* 
tronics  needs. 


the  three  decade  dials  the  reading 
on  the  loop  can  be  changed  to  the 
unbalance  reading  without  disturb¬ 
ing  the  connections.  The  switching 
arrangement  also  designates  which 
wire  has  the  higher  resistance.  The 
range  of  the  measurement  is  up  to 
111  ohms  in  steps  of  0.1  ohm  with 
an  accuracy  of  one-quarter  of  1 
percent.  The  galvanometer  (Weston 
Model  No.  375)  has  a  sensitivity  of 
approximately  22  /xa  per  division 
for  30  divisions.  Batteries  are 
standard  IJ-v  flashlight  cells  ar¬ 
ranged  so  that  they  can  be  quickly 
and  easily  replaced.  Nilsson  Elec¬ 
trical  Laboratories,  Inc.,  103  Lafay¬ 
ette  St.,  New  York  13,  N.  Y. 


Brown  Instrument 
Devices 

A  CHART-DRIVE  CONTROL,  embodying 
means  for  automatically  starting 
and  stopping  electronic-recorder 
chart  motion  by  pen  position  is 
available  from  Brown  Instrument 
Co.,  Philadelphia,  Pa.  for  their  cir¬ 
cular  chart  designated  as  “Elec- 
troniK”  recorder.  Control  con¬ 
tacts  are  wired  in  the  chart  drive 
circuit.  By  setting  the  control  point, 
the  chart  can  be  stopped  and  started 
as  desired,  corresponding  to  any 
pen  position.  The  new  feature  is 
useful  in  molten-metal  therraocou- 


INST 


PHOTOX 


photographic  Silk  Screen 
Stencil  Department  lor 
marking  and  decorating 
your  products! 


The  PHOTOX  Process  is  the 
only  process  that  guarmuttt 
exact  reproduction  of  oae- 
color  or  multi-color  jobs  is 
either  line  work  or  halftone! 


it  is  practical  on  ssy 
printing  surface  —  can  be 
successfully  used  on  pa¬ 
per,  metal,  wood,  rubber,  j 
glass,  plastic,  textiles,  etc. 


There  are  few  size  or  con¬ 
tour  limitations— mskt$ 
possible  marking  in  cor¬ 
ners  and  on  irregular 
contours  that  cannot  be 
marked  by  machine. 


Preparation  and  operation 
are  simple  — unskilled 
workers  easily  taught  the 
preparation  and  operation 
of  the  PHOTOX  ProceH. 


The  PHOTOX  Proceu  it 
economical  — art  work 
preparation  cost  is  con¬ 
siderably  decreased;  plate- 
making  cost  is  eliminated. 


Let  us  show  you  how  a  PHO¬ 
TOX  Photographic  Silk  Screen 
Stencil  Department  can  mein 
greater  efficiency  and  greiiec 
profits  for  you.  We  are  pre 
pared  to  aid  you  in  installinf 
a  PHOTOX  Marking  Depart 
inent  in  your  plant.  Write  for 
further  details  or  personil 
consultation. 


SILK  SCREIN  SUPPLY  CO. 
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Manufacturers  of 
Photographic  Film  and  Sas, 
Screen  Accessories. 
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^^^•csend  me  a  free  copy  of  "Masters  of  Metal”  booklet  de- 
•cribing  your  facilities.  I  am  interested  in  the  ELECTRONENT* 
*Pplication8  checked. 

□  Batteries  □  Dials  □  Panels 

u  R^ord  Changers  Q  Escutcheons  Q  Sockets 
^  □  Jacks  □  Stampings  (misc.) 

U  Condensers  D  Lugs  Q  Tubes 

^^*Ber  applications . 


SCOVILL 

made  and  assembled 
500  Electronents* 
for  this 

Radio  Receiver  Rack 


Pat  yourself  in  the  shoes  of  the  prime 
contractor  who  needed  this  three- 
position,  high-frequency  radio  receiver 
rack  for  big  bombers  in  a  hurry.  He 
could  have  undertaken  to  make  in  his 
own  plant  the  more  than  500  individ¬ 
ual  parts  required,  or  . .  .  made  some 
tnd  purchased  the  remainder,  then 
tssembled  the  complete  unit  himself. 
Instead  he  turned  the  complete  re- 
^nsibility  over  to  Scovill  .  .  .  and 
®vcd  time,  space,  trouble  and  money. 

Here’s  what  Scovill  did:  made  all 
the  metal  parts  of  sheet,  rod,  wire  and 
lobe  stock  using  such  metal-working 


methods  as  forging,  stamping,  drawing, 
heading,  machining  and  wire  forming 
. .  .  cut  all  wires  to  length,  stripped 
and  soldered  them  into  position  . . . 
manufactured,  tested  and  adjusted  re¬ 
lays  . . .  assembled  the  entire  rack  as 
illustrated. 

Investigate  how  Scovill’s  versatile 
production  setup,  as  exemplified 
above,  can  improve  the  quality  or 
lower  the  cost  of  your  small  electronic 
components  or  complete  assemblies. 
Learn  how  Scovill’s  designing  and 
metal-working  experience  and  facili¬ 
ties  will  make  you  sure  of  getting  the 


SCOVILL  MANCFACTCRING  COMPABIT 


Electronic  Division 

22  Mill  Street,  Waterbury  91,  Connecticut 


Company 
Address  .. 


Demonstrating  how  Scovill  can,  reduce  your  overhead 

on  small  parts  or  complete  assemblies 


Name 


one  right  solution  to  your  metal-parts 
problems.  For  proof  of  Scovill’s  ability 
to  help  you,  write  for  liter-  . 
ature.  Fill  in  the  coupon 
below  and  mail  it  today. 


^Electronents  ~  Electronic  Components 


Scovill 

MANUFACTURING  COMPANY 

WATERBURY  BhCONN. 


I 


PAMH  iMSTRUMSNTS, 


D.  C. 

MILLIAMPERES 


IIII3SW$OODCIIA. 


StVttkujtSh 


QHafM4iieed  ACCWIACY 


Due  to  desim  characteristics  and  close  control  of  manufacturing 
processes,  Burlington  instriunents  embody  the  following  4  ad¬ 
vantages: 

PERMANENCE  OF  CALIBRATION  •  •  •  AO  DC  Inttrumeats  employ  Alaico 
laagaeto  which  ore  kaowa  to  be  aiore  Ughly  resistoat  to  shock,  beat,  vlbrattoa# 
oad  stray  fields  thoa  oay  other  magaetic  moteiiol. 

FREEDOM  FROM  STICKING..  .  Qeoraaces  for  all  moriag  ports  ore  such 
that  the  results  of  eatroace  of  smoU  porticles  os  eacouatered  la  field  service  are 
reduced  to  o  miaimum. 

STABILITY  OF  OPERATION  ...  AU  iastrumeats  are  '^NORMALIZED" 
after  osseaibiy  to  eUaiiaerte  "zero  shift"  oad  other  -calibrcrtioo  enors  due  to  ogeiag. 

Excepfioaaliy  high  torque  to  weight  /atio  of^coatrol  spriags  to  moviag  elemeat 
lasures  miaimum  enor  uader  coaditions  of  shock,  vibrotioa.  oad  other  rough  usage. 

Aiigameat  of  fewels  oad  magaet  core  piece  is  such  that  the  ceater  liaes  of  these 
parts  coiacide  withia  plus  or  miaits  .002".  The  desiga  of  the  brass  movemeat  frame 
oad  compoaeats  is  such  that  mechaaical  toleraaces  are  reduced  to  a  oiinimum  ia 
assembly.  As  a  result  iewel  oad  pivot  wear  is  uoifona  which  reduces  "frictioaol 
torque"  of  the  moviag  coU. 

An  series  resistors  oad  coils  ore  heat  treoted  oad  impregaoted  ofter  wroppiag 
to  fasure  stobility  oad  loag  life. 

AU  roages  AC  &  DC  ore  ovoilable  In  2\^",  OVa"  cqtd  AVi"  ^es.  both  square 
oad  rouad,  flush  mouatiag. 

Engineering  service  fuxnisbed  for  specialized  applications. 

No  obligation.  Write  today  for  further  information. 


BURLINGTON  INSTRUMENT  CO. 


102  FOURTH  STREET 


PANEL  INSTRUMENTS  •  VOLTAGE  REG 
ULATORS  •  AUTOMATIC  SYNCHRO¬ 
NIZERS  •  FREQUENCY  REGULATORS 


pie  and  radiation  pyrometer  appli 
cations. 

A  new  safety  emergency  alan 
feature  that  protects  process  equij 
ment  and  materials  has  been  adds 
by  Brown  Instrument  to  its  line  0 
electronic  air-operated  controllei* 
The  instrument  is  designated  « 
ElectroniK  contact  controller  and  i 
provides  on-off  control  in  additioi 
to  air  control  to  actuate  motorized 
valves,  solenoid  valves,  contacts 
panels,  signal  lights,  etc. 


Capacitor  Mounting  Bracket 

Faster,  less  expensive  assemWy 
of  capacitor  motors  is  facilitated 
by  the  use  of  a  new  plastic  capaci¬ 
tor  and  mounting  bracket  developed 
by  P.  R.  Mallory  &  Co.,  Inc.,  In¬ 
dianapolis,  Ind.  The  bracket  ii 
used  with  the  new  Mallory  type  P 


plastic  case  capacitor  and  end^p. 
The  bracket  requires  no  special 
tools  since  it  is  fastened  to  the  mo¬ 
tor  with  two  screws.  The  capacitor 
is  snapped  into  the  bracket  by 
hand.  Two  different  lengths  of 
brackets  (which  will  handle  four 
capacitor  case  sizes)  are  available. 
The  unit  is  splash-proof  and  mois¬ 
ture-proof. 


Variable  Isolation 
Transformer 

Isolation-type  transformers  (des¬ 
ignated  as  type  W  Vari-Formers) 
are  a  new  development  of  the  Gulo« 
Corp.,  26  Waverly  Place,  New  York 
3,  N.  Y.  They  are  double  or  isola¬ 
tion  wound  for  laboratory  and  in¬ 
dustrial  use.  The  units  have  a  pn- 
mary  wound  for  115-v  input  and  a 
variable  secondary  wound  for  ^ 
output  of  0-130  volts.  Separate  ter¬ 
minals  are  provided  for  both  pr| 
mary  and  secondary  windings.  T  « 
units  can  be  connected  as  au 


384 


October  )945  —  ELECTRONIC 


i 


ths  of 
:e  four 
ailable. 
1  mois-i 


s  (des- 
nners) 
Gulo« 
Be  York 
p  isoU- 
ind  ill' 


**A01IY  laboratories,  INC.,  92  miADOW  STREET,  NEW  HAVEN  10,  CONNECTICU* 

^RONICS-Ocfofcer  1945  385  [' 

&! 


Typical  of  the  applications  possible 
with  a  Bradley  Luxtron*  photocell  is 
this  suggested  means  of  smoke  control 
in  a  stoker-hred  furnace. 

Light  source  "A”,  beamed  through 
the  smoke  stack  to  photocell  "B",  will 
cause  the  cell  to  generate  power  suffi¬ 
cient  to  close  relay  "C  ”  until  smoke 
diminishes  the  light.  Or  the  system 
could  be  arranged  to  close  the  relay 
when  light  is  reflected  by  smoke  par¬ 


ticles. 

In  any  event,  resistance  to  vibration 
and  temperature  changes  make  the 
photocell  ideal  for  such  an  applica¬ 
tion.  As  in  any  photocell  application, 
it  is  as  simple  as  A,  B,  C—  and  the  "B” 
stands  for  Bradley. 

Write  Bradley  for  literature  and 
complete  engineering  assistance  on  any 
photocell  application  you  may  have 
in  mind. 


*TaAOE  MARK  REG  U  S.  PAT.  OPF, 


/HASrn  Of  FHOTOCiUS 


PHOTOCmS-MASTBRS  Of  IIGHT 


Writ*  for  R*ctifi*r  Data 

Bradley  alto  hat  available  a  complete 
line  of  unique  copper  oxide  rectifiert, 
feoluring  mounting  flexibility,  pre- 
toldered  terminalt  for  eat*  and  tafety 
in  attembly,  low  forward  retittanc* 
with  high  leakage  retittance,  and  gold 
coating  of  pellett  to  provide  long  life. 

Data  on  five  batic  modelt  are  included 
in  an  illuttroted  Bradley  "Coprox"  Rec¬ 
tifier  bulletin  tent  on  requetl.  Pleat* 
writ*  for  it. 


Standard  fixed  resistors: 
10  and  20  watt;  1-50,000 
and  1-100,000  ohms. 

Standard  adjustable  resist¬ 
ors;  25  to  200  watt;  1  to 
100,000  ohms.  Additional 
sliders  available. 

Also  other  types  of  termi¬ 
nals  emd  mountings. 


transformers  to  obtain  several  dif¬ 
ferent  voltage  combinations.  In¬ 
puts  of  115  or  220  volts  can  be  ap¬ 
plied  and  output  voltages  of  0-65 
or  65-130  are  obtainable  with  in¬ 
crements  of  0.3  volts.  Output  ranges 
of  0-130  or  115-245  volts  with  in¬ 
crements  of  0.6  are  obtainable.  The 
separate  primary  and  variable  sec¬ 
ondary  windings  are  wound  on  the 
same  core  eliminating  the  need  of 
two  transformers  to  obtain  an  iso¬ 
lated  variable  voltage  supply.  For 
critical  electronic  testing  and  spe¬ 
cial  applications,  an  electrostatic 
shield  has  been  imposed  between  the 
windings,  grounded  to  the  core  and 
brought  out  to  a  separate  terminal 
These  units  are  available  with  ca¬ 
pacities  of  500  va  to  2000  va. 


Power  Supply 

Model  200-B  is  a  new  and  improved 
power  supply  for  applications  in 
the  laboratory  and  on  the  produc¬ 
tion  line.  Its  characteristics  are: 


XYm.  It's  a  Greenohm — not  Juit  an¬ 
other  power  resistor. 

And  that  means  a  lot  to  you  and  the 
buyers  of  your  products.  It  means  a 
tougher,  longer-lasting,  absolutely  de- 
pendoble  power  resistor. 

Greenohms  ore  those  green-colored  ce¬ 
ment-coated  power  resistors  featured  in 
the  finest  transmitters  and  receivers;  in 


power  supplies;  In  electronic,  electrical 
and  industrial  equipment.  Already  in 
ser^e  year  edter  year  since  they  were 
first  introduced.  Greenohms  hove 
proved  that  "th^  con  take  it" — and 
then  some.  No  tougher  rectors  ore 
mode. 

Try  a  Greenohm!  Make  your  own  com* 
parative  tests.  Then  draw  your  own 
conclusions  once  and  for  olL 


if  Greenohms  ore  avoilcd>le  in  standard  sixes  and 
values  through  local  Jobbers.  For  volume  require¬ 
ments  or  special  types,  write  us  direct. 


Voltage,  from  zero  to  325-v  d-c  at 
125  ma  continuously  variable,  and 
6.3-v  a-c  at  6  amp,  center  tapped; 
Regulation,  within  1  percent  for 
voltages  between  20-235  volts  from 
no  load  to  full  load.  Within  2  per* 
cent  at  10  volts  from  no  load  to  fuD 
load ;  Hum  voltage,  less  than  10 
including  noise;  Metered  output 
voltmeter  and  milliammeter  iD' 
eluded  to  read  output  voltage  and 
current.  Electronic  Measurement 

Co.,  10  West  Front  St.,  Red  Bank. 

N.  J. 
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PRINTING 
DIE  CUTTING 
CEMENTING 


Wide  experience  by  all  known 
processes  in  the  application  of, 
printing,  engraving,  silk  screen* 
ing,  die  cutting  and  cementing 
of  oil  thermoplastics. 


FORMING 

Specialists  in  deep  drawing  radio 
dial  windows,  embossing,  swag¬ 
ing  and  bending  in  Acetate, 
Vinylite  and  Acrylics. 


MACHINING 

Precision  threading,  screw  mo* 
chine,  milling,  drilling,  turning 
of  Polystyrene,  Acrylics,  Pheno- 
Iks,  Nylon,  Tenito;  sheets,  tubes 
ond  rods;  through  spindle  copac* 
ity  up  to  214"  rod. 


ASSEMBLY 

Our  engineers  can  assist  you  in 
problems  of  design  and  assembly 
of  your  plostic  units. 
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Oscillator 

Type  291  is  A  portable,  battery,  op- 
erated  oscillator  especially  designed 
for  checking  high-frequency  air¬ 
craft  radio  receivers.  The  unit  has 
a  frequency  range  from  49  to  154 


me  with  'modulation  frequencies  of 
70,  90,  400,  1300  and  3000  cycles.  It 
contains  an  easily  extended,  cd- 
lapsible  antenna  and  two  coaxial 
terminals  for  low  and  high-levd 
outputs.  Andrew  Co.,  363  East  76th 
St.,  Chicago  19,  Ill. 


Ionization  Gage 

The  Alphatron  is  an  all-metal 
ionization  gage  with  continuous 
linear  response  to  10-mm  total  pres¬ 
sure.  The  ionizing  agent  is  a  stream 
of  alpha  particles  emitted  by  a  ra¬ 
dioactive  source,  which  permits  op¬ 
eration  at  any  pressure,  including 
atmospheric,  without  damage  to 


in  a  typical  machine  control 
sensitivity  and  high  speed  are  app] 
control  to  safeguard  valuable  aiei 
press.  Continuing  press  cycles  a 
only  as  each  formed  piece  is  e 
monitoned  by  the  control. 


SIGMA  RELAYS  hav*  always  •mbodisd  -— 

Spssd 

Sonsitivity 

Long  Lifo 

Compactnots 

Stability 

Procition 

SPECIALISTS  IN  BUILDING  TRANSFORMERS  SINCE  1938 

A.  P.  FOSTER  COMPANY 

transformer  engineers  &  MANUFACTURERS 

719  WYOMING  AVENUE,  LOCKLAND  15,  OHIO  (suburb  of  Cincinnati) 
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DOW-CORNING  FLUID  #200 


This  new  method  for  waterproofing  ceramic  surfaces  results 
in  increased  electrical  resistance  and  improved  performance 
of  equipment  under  conditions  of  high  humidity  and  con* 
densation.  Application  of  Dow>Corning  Fluid  No.  200  t& 
ceramic  bodies  coats  them  with  an  extremely 
thin  film  of  silicone.  It  will  adhere  effec¬ 
tively  even  when  immersed  for  days  in  seo 
water  and  does  not  collect  dust  or  cor¬ 
rode  metals;  nor  will  it  react  with  organic 
materials.  It  has  a  power  factor  of  the 
order  of  .005%  and  is  effective  up  to 
150°C.  It  also  acts  as  a  neutraf  flux 
for  soldering,  and  is  not  removed 
by  contact  with  organic  solvents. 

For  further  applications  and  engi¬ 
neering  data  write  or  phone. 


PRODUCTION  ENGINEERING  CORP. 


666  VAN  HOUTEN  AVENUE,  ClIFTON,  N.  J.  •  TEL.  PASSAIC  2-5161 


The  gage  is  suitable  for  measuri 
pressures  of  gases  other  than  ^ 
such  as  argon,  water  vapor,  ai 
hydrogen,  as  the  linear  response 
the  gage  hold  true  regardless  of  tl 
atmosphere. 

Resistors 

Eastern  Electronic  Corporatio 
(41  Chestnut  St,  New  Havei 
Conn.,  manufacturers  of  precisio 
wire-wound  resistors,  wheatstoD 
bridges,  radio  and  electronic  tes 
equipment  and  radar  assemblies 
announce  “Korect-Ohm”  resistor 
as  follows:  Type  CC,  low-temperi 


ture  coefficient,  has  a  maximum  « 
sistance  of  250,000  ohms ;  Type  N( 
has  a  maximum  resistance  of  5(^, 
000  ohms;  Type  NA  has  a  maii 
mum  resistance  of  1  million  ohms 
Type  CA  ranges  from  a  few  ohm 
to  500,000  ohms ;  Type  CB  has  i 


maximum  resistance  of  500,00^ 
ohms;  and  finally  Type  NB  whic: 
has  a  maximum  resistance  of  • 
million  ohms.  All  resistors  an 
aged  and  treated  to  relieve  strait 
due  to  winding  before  the  final  aii- 
justment  is  made.  Final  resistance 
adjustment  accuracy  is  rated  # 
better  than  0.1  percent.  The  rC" 
sistors  are  wound  with  an  alloy  win 
having  a  resistance  change  vs  tem¬ 
perature  of  less  than  0.08  percen 
between  —55  and  +  55  C.  Forap^ 
plications  where  space  is  a  factor- 
resistors  are  wound  with  an  all^ 
wire  having  a  resistivity  of 
ohms  per  circular  mil  ft.  The 
sistance  change  vs  temperature  ^ 
0.6  percent  plus  or  minus  betw 
-50  and  +  50  C. 


390 


October  I9«  —  ELECTRONIC 
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NATIONAL  COMPANY 


NC-200 


MASS,  U*  S*  A. 


hatiohai  receivers  are  ih  service  throughout  the  WORtO 
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C^cujJIggi  c 
PtTfPStn  PADIO  (0 

s.,  CClUfiCIl  6tUt*'S.  u  . 


THK  NO.  527F  TYPE 


■\/  Time  tested  —  Millions  have  been  used 
since  March  1940! 

y/  Available  in  any  quantity  with  cny  type 
of  bracket. 

y/  Sturdy  Bakelite  Molded  insulating-  cast* 
ing  shields  socket  from  outside  contact. 
y/  Center  contact  lead  wire  mechanically 
secured  before  soldering. 

V  Both  lead  wires  withstand  over  25  lbs. 
tension. 

y/  Rounded  eyelet  edges  prevent  cut  or 
frayed'  lead  wire  insulation. 
y/  1000  volts  minimum  breakdown  voltage 
between  contacts  and  to  ground. 
y/  Casting  mechanically  secured  to  bracket 
—  can^t  turn.  | 

y/  Socket  mechanically  secured  within  cast¬ 
ing —  can’t  turn  or  be  pulled  out. 
y/  Center  contact  secured  within  socket — 
contact  won’t  protrude  when  lamp  re¬ 
moved. 

Contidar  thit  batter  undarwrltara*  approvad  DRAKE  dial  litht 
aateMMy  for  war  or  paaea-tlma  produett.  Lead  wire  2%  in.  to  4  ft. 
Prompt  ahipmont  In  any  quantity  atturad.  May  we  tend  tanplaa 
or  ear  nawaat  catalop? 

SOCKET  AND  JEWEL  LI6HT  ASSEMBLIES 


when  specified,  a  sealing  washer 
can  be  furnished  between  the  case 
and  the  heavy  cover  making  a 
hermetically-sealed  potentiometer 
when  used  in  conjunction  with  a 
water  tight  panel  bushing.  Resis¬ 
tance  range  is  rated  1  ohm  to  150,- 
000  ohms ;  shafts  are  made  to  spe¬ 
cification;  switches  can  be  supplied 
in  off  position  and  tapered  units. 


Magnetic  Phonograph 
Pickups 

New  low  cost  magnetic  phtfflO' 
graph  pickups,  produced  by  Caltroi 
Company  (11746  W.  Pico 
Angeles  34,  Calif.)  have  a  smoo®^ 
response  to  6000  cps  and  a  sh^^ 
cutoff  beyond  top  frequency.  1^, 
have  no  bearings,  pivots  or  nee^ 
chucks.  The  manufacturer 

that  units  will  track  fully 


JFof*  more  than  10  years 

we  have  been  manufacturing  crystals.  Not  only 
are  we  crystal  manufacturers,  but  crystal  spe¬ 
cialists  as  well.  Consult  us  on  your  ‘‘crystal 
problems’’. 

★ 

PETERSEN  RADIO  CO. 

Council  BkifFs,  Iowa 

CRYSTALS  EXCLUSIVELY  SINCE  1934 


Check  the  Qnality  Fealnres 
of  the  Drake  No.  500  Series 


Trefz  Manufacturing  Co.,  SS-n 
Main  Street,  Flushing,  N.  Y,  an¬ 
nounce  Series  PWW-5  wire-wound 
potentiometers  which  have  been 
produced  to  Army  and  Navy  specifi¬ 
cations  for  electronic  operations 
The  linearity  of  both  single  and 
dual  units  makes  them  readily 
adaptable  to  applications  using  cali- 
brated  dials  or  in  circuit  arrange¬ 
ments  where  close  series  of  parallel 
tracking  is  a  requirement.  Wat¬ 
tage  rating  is  high  for  a  standard- 
size  unit  (patent  pending  feature). 
An  electronically-welded  instru¬ 
ment  spring  maintains  positive  con¬ 
tinuity  between  center  terminal 
and  wiping  contact.  A  dust-proof 
phenolic  case  houses  the  units,  and 


Wire-Wound 

Potentiometers 


ai 

w 

n 

P 
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I^RO 
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More 

^^RIACS* 

NOW! 

A  portion  of  our  greatly  expanded 
VARIAC  production  has  been  released 
from  war  orders.  VARIAC  deliveries 
are  improving  daily.  We  hope  that 
within  a  comparatively  short  time  all 
models  of  the  VARIAC  can  be  shipped 
promptly  upon  receipt  of  your  order. 

In  the  meantime  you’ll  find  several 
weeks  required  for  delivery  of  some 
models  well  worth  the  waiting  .  .  . 
VARIACS  are  still  the  original  continu- 
ouely-adjustable  autotransformer  first 
introduced  by  General  Radio  .  .  .  re¬ 
designed  to  meet  all  of  the  mechanical 
and  electrical  requirements  for  all 
types  of  service  .  .  .  assuring  rugged 
construction,  long  life  and  the  same 
manufacturing  care  that  is  given  to  the 
finest  G-R  laboratory  instrument. 

You  may  have  to  wait  a  little  longer 
for  VARIACS,  but  you’ll  be  satisfied 
many  times  longer. 


VARIAC 


*The  trade  name  VARIAC  is 
registered  at  the  U.  S.  Patent 
Office.  VARIACS  are  manufac¬ 
tured  and  sold  only  by  General 
Radio  Company  under  our  U.  S. 
Patent  2,009,013. 


Made  ONLY  by 


GENERAL  RADIO  COMPANY 


YOU  CAN  GET  THESE  FROM  STOCK  At  the  moment  we  have 
a  small  stock  of  the  popular  Types  100-Q  and  100-R  VARIACS 
and  can  ship  immediately.  These  models  are  rated  at  2,000  va. 
The  Type  100-Q  supplies  continuously  adjustable  voltages  from 
zero  to  either  115  or  135  volts  from  a  115-volt  60-cycle  line 
with  a  maximum  output  of  18  amperes;  the  Type  100-R  sup¬ 
plies  a  maximum  of  230  or  270  volts  from  either  a  230-  or 
115-volt  line  with  a  maximum  current  rating  of  9  amperes  from 
a  230-volt  input,  or  4.5  amperes  when  used  on  115  volts.  Price 
of  either  model:  $40.00. 


NEW  YORK 
CHICAGO 
LOS  ANGELES 
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ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 


A  complete, 
ERCO-BUILT 
Radio  Station 
all  in  one 
package. 


Engineering 
StafP  is  available 
to  fulfill  your 
requirements. 


strument,  now  available  for  c( 


Giannini  &  Co.,  Inc.,  161  E. 
ifornia  St„  Pasadena,  Calif. 


SILICA  GEL 

PROTECTS  TELETYPE*  EQUIPMENT 
FROM  MOISTURE  DAMAGE  •  •  • 


Yes  .  .  .  this  Teletype  printer  arrived  ''per¬ 
fectly  dry"  .  .  .  thanks  to  Jay  Cee  Silica  Gel 
— which  is  protecting  innumerable  over-seas 
shipments  of  delicate  machines,  instruments 
'  and  weapons  from  moisture  damage. 

A  few  small  cotton  bags  containing  this 
ideal  drying  agent  ore  enclosed  in  the  box  or 
carton  with  the  equipment.  The  phenomenal 
power  of  Jay  Cee  Silica  Gel  to  absorb  the 
atmospheric  moisture  within  the  container 
prevents  rust  or  corrosion  in  transit.  Jay  Cee 
Silica  Gel  is  also  used  in  packages  of  foods, 
fabrics,  chemicals,  and  other  products.  More¬ 
over,  it  has  wide  application  in  the  air  con¬ 
ditioning,  refrigeration,  and  chemical  indus¬ 
tries.  Jay  Cee  Silica  Gel  is  clear  ^  white; 
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passes  a  rigid  section  test,  meets  exacting 
Government  specifications;  is  strictly  a 
quaUty  product. 

JOBBERS  WANTED— A  few  excellent  Jay 
Cee  SiUca  Gel  sales  territories  are  still  open 
to  jobbers.  Write  for  details. 

Rtgist*r«d  frodc-mork 


JOLIET  GIEMieALS,  LTD. 

I‘‘N‘D‘U  S  THY  AVENUE 
IJ  0  L  i  E  T  ,  ILLINOIS 


DEGREE 


AREA  OF 
DISTRIBUTION 

The  new  amazing  Altec 
Lansing  multi-cellular  Du¬ 
plex  Speaker  provides  up 
to  800%  increased  areo 
of  quality  sound  distribu¬ 
tion.  In  the  vertical  plane, 
the  Duplex  delivers  a  forty 
degree  angle  of  distri- 
.bution,  or  eight  times  the 
area  distribution  at  high 
frequencies  as  compared 
to  single  unit  speakers  of 
comparable  size.  Another 
reason  why  the  DUPLEX  is 
the  SPEAKER  that  REVO¬ 
LUTIONIZES  the  methods 
of  sound  REPRODUCTION. 

SEND  FOR  BULLETINS 


Ainc 


LANSING  CORPOGATION 


1310  TAFT  BLOG^  HOUYWOOD  28.  CALIF. 
250  WEST  57  STREET.  NEW  YORK  19.  N.  Y- 
IN  CANADA  I  NORTHERN  ELECTRIC  CO. 


gle  screen  for  simultaneous  and 
superimposed  traces.  There  is  com¬ 
plete  and  independent  control  of  the 
X.  Y  and  Z  axis  functions  for  each 
beam.  Adequate  shielding  between 
guns  and  plates  minimizes  cross 
talk  particularly  at  high  frequen¬ 
cies.  Deflection  plate  leads,  brought 
out  through  the  glass  envelope  wall, 
minimize  shunt-input  deflection- 
plate  capacitance  and  lead  induc¬ 
tance,  and  also  prevent  interaction 
between  signals  caused  by  coupling 
between  long  leads.  Second-anode 
leads  are  also  brought  out  through 
the  envelope  wall  in  order  to  pro¬ 
vide  better  insulation  and  longer 
leakage  paths.  A  standard  Army- 
Navy  diheptal  12-pin  base  fits  the 
standard  socket.  The  electrode  volt¬ 
age  ratings  are  similar  to  those  of 
the  Army-Navy  preferred  type 
5CP1.  Contact  connectors  for  elec¬ 
trode  leads  are  supplied  with  the 
tube. 


F-M  Broadcast 
Transmitters 

Illustrated  is  an  f-m  broadcast 
transmitter,  one  of  a  line  of  1,  3, 
10  and  60-kw  units,  recently  an¬ 
nounced  by  Federal  Telephone  & 
Radio  Corp.,  Newark,  N,  J.  The 
transmitters  are  of  a  multi-unit  de¬ 
sign.  The  basic  unit  is  the  exciter 
which  generates  the  initial  r-f 
power,  in  itself,  a  complete  250-w 
transmitter.  In  this  unit  are  in¬ 


cluded  the  f-m  system,  center  fre¬ 
quency  stabilization  system,  and 
the  r-f  multiplier  and  output  stages. 
The  250-w  output  of  the  exciter 
unit  is  stepped  up  to  1,  3,  10  or  50 
kw  by  a  power  amplifier  unit  or 
series  of  such  units. 

Federal’s  new  f-m  broadcast  an¬ 
tenna  arrays  are  fed  by  standard 
coaxial  lines  and  consist  of  from  1 


Where  your  plastic  dial  requiremeiit 
demand  precision  fabrication,  it  wil 
pay  you  to  call  on  the  experiena  in( 
skill  of  Sillcocks  -  Miller  specia 
They  can  help  you  in  four  ways: 

1.  In  working  out  your  own  ideas. 

2.  In  developing  new  ideas  for  you. 

3.  In  advising  you  on  the  most  practi^ 

and  economical  methods  of 
tion. 

4.  In  selecting  the  right  plasda 

your  requirements. 

Remember,  it  costs  you  less  to 
a  little  more  for  Sillcocks  •  MiU^ 
quality. 

Write  for  Illustrated  BookM 


THE  SILLCOCKS-MILLER  CO 

10  West  Parker  Avenue.  Maplewo<xl.  N  ^ 
Mailing  Address;  South  Orange,  N  J 


SpecialUtB  in  High  Quaiity, 

Made  Pla$tie»  Fabricated  for 
Technical  and  industrial  ReqelnuP 
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A  SHORT-CUT 

TO  HAVING  THOSE  CONSUMER  PRODUCTS  READY 


This  little  message  is  addressed  to  the  **Vice- 
President  in  Charge  of  New  Consumer  Prod¬ 
ucts”.  For  his  hairs  are  probably  turning 
gray . . .  trying  to  get  the  factory  to  give  him 
a  delivery  promise  early  enough  to  cash  in 
on  the  expected  demand. 

And  over  his  shoulder  we  want  to  talk  to  the 
'’Vice-President  in  Charge  of  Production” — 
for  he  too  has  problems,  what  with  Unde 
Sam  hounding  his  every  waking  hour  on 
those  remaining  war  orders — at  the  same 
time  the  sales  department  and  the  consumer 
products  division  are  pushing  him  for  de¬ 
livery  schedules. 

It  worked  in  war— it  will  work  in  peace 

It  is  only  three  years  ago  that  American  in¬ 
dustry  learned  a  big  lesson  in  the  expediting 
of  war  production.  American  industry  RE- 
discovered  the  prindple  of  sub-contracting. 

■  Instead  of  waiting  until  all  departments  of 
a  plant  could  be  tooled-up  for  complete  pro¬ 
duction,  the  bottle-necks  were  isolated  and 
turned  over  to  a  good  sub-contractor  as 
grist  for  his  mill. 


It  worked  in  converting  to  war — it  will  work 
again  in  re-converting  to  peace  time  products. 

Why  not  isolate  those  parts  and  assemblies 
that  are  likely  to  delay  the  finished  job  and 
turn  them  over  to  a  good  sub-contractor. 

Let  Lewyt  Do  It 

Here  at  Lewyt,  for  over  fifty  years,  we  have 
been  pinch-hitting  for  other  manufacturers, 
dove-tailing  our  production  lines  with  their 
assembly  schedules.  We  have  worked  out 
short  cuts  and  tricks  that  enable  us  to  beat 
the  normal  time  required  for  tooling-up. 

It  has  worked  miracles  for  many  manufac¬ 
turers  ...  it  may  be  just  the  answer  to  your 
problem  as  you  face  re-conversion  to  civilian 
production.  At  any  rate  it  won’t  cost  any¬ 
thing  to  investigate  why  some  of  America’s 
leading  industries  have  foimd  it  profitable 
to  "let  Lewyt  do  it”. 

★  ★  ★ 

Write  on  your  business  stationery  for  48-page  book,  **Let 
Lewyt  Do  IV* — the  story  of  the  Lewyt  organization  in  pic¬ 
tures.  Lewyt  Corporation,  60  Broadway,  Brooklyn  11,  N.  Y. 


FOR  MORI  THAN  50  YEARS  A  CONTRAa  HANUFAaURER  .  .  .  EXKRTLY  STAEfEO  TO  RROOUa  COMPUn  EUCTRONIC  ANO 
MECNAIIKAl  ASSEJUUES,  COMPONENT  PARTS.  SU0*ASSEMUIU  ANO  MCTAl  PRODUCTS.  TO  THE  MOH  EXACTINO  REQUIREMENTS 
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VICTORY  BONDS 


.  .  .  for  cooling,  ventilating  pur* 
poses  by  America’s  most  prominent 

manufacturers  of  electronic  equipment.  ** 

Available  as  Centrifugal  Fan  and  Motor 

only  or  with  any  one  or  combination  of 

accessories  such  as  Stand,  Inlet  Flange 

and  Discharge  Flange.  Can  be  practically 

custom>built  to  your  needs — with  all  advantages  of  large>scale 

production.  Extremely  compact.  Wide  pressure  range.  Capacity 

60  cfm  at  3^*'  pressure.  Low  power  input.  Highly  efficient.  ^’One 

Name-Plate”  Guarantee  covers  both  Centrifugal  Fan  and  Motor. 

Phone  nearby  ILG  Branch  Office  (consult  classified  directory) 

or  write  us  today  for  engineering  data  and  attractive 

prices.  Special  equipment  can  be  furnished  for  special  requirements. 


116  ELECTRIC  VENTILATING  CO.,  CHICAGO  41,  ILL. 
28I2  N.  Crawford  Ava.  •  OfficM  in  40  Prindpol  QNm 
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to  12  or  more  loops,  each  embody, 
ing  two  or  more  half-wave  elements. 
The  arrays  are  factory-tuned  for 
easy  installation. 


Marine-Radio 

Telephones 

Four  new  models  of  marine-radio 
telephones  for  communications  re¬ 
quirements  in  the  yachting  and 
coastal  harbor  services  are  an¬ 
nounced  by  Hudson  American 
Corp.,  a  subsidiary  of  Reeves-Ely 


★  ONAN  ELECTRIC  GENERATING  PLANTS 
supply  relioble.  economical  electric  eerrice 
ioi  electronics  appUcations  os  well  as  for  scores 
of  general  uses. 

Driyen  by  Onan-built,  4*cycle  gasoline  engines, 
these  power  units  are  of  single-unit,  compact  de¬ 
sign  and  sturdy  construction.  Suitable  for  mobile, 
stationary  or  emergency  seryice. 

Model  $hown  It  from 
W2C  lortot,  2  and 
J-KW.  M-cycle,  IIS 
ro/f;  powered  by  wa- 
fer-cooJed,  2-cyltnder 
engine 


"Models  ronge  from  350  to 
35,000  watts.  A.C.  types  from 
115  to  660  yolts;  50,  60.  180 
cycles,  single  or  three-phase; 
400.  500.  and  800  cycle,  single 
phase;  also  speciol  frequencies. 

D.  C.  types  range  from  6  to 
4000  yolts. 

Dual  yoltage  types  ayailoble. 

Write  for  engineering 
assistance  or  detailed 
literature". 
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D.  W.  ONAN  &  SONS 


3269  Royalston  Aye. 
^  Minneapolis  5.  Minn. 


Laboratories,  Inc.,  25  West  43rd 
St.,  New  York  18,  N.  Y.  The  com¬ 
plete  line  covers  ship-to-ship,  ship- 
to-shore,  and  ship-to-Coast  Guard 
(emergency)  marine  radio  tele¬ 
phones  ranging  from  5  watts  to  75 
watts  and  operating  on  frequencies 
between  2100  kc  and  2800  kc.  Fea¬ 
tures  of  the  units  include:  no  var¬ 
iable  capacitors  are  used  in  the 
sets;  provision  for  the  completely 
individual  adjustment  of  each  chan¬ 
nel;  and  complete  crystal  control 
of  the  transmitter  and  receiver. 
An  outstanding  feature  is  the  de¬ 
velopment  of  a  new  transmitter- 
output  coupling  system,  designed 
to  give  greater  efficiency  of  opera¬ 
tion  and  to  minimize  both  interfer¬ 
ence  with  other  communications 
and  harmonic  radiation. 


Potentiometer 


A  NEW  TYPE  of  precision,  ten-turn 
helical  potentiometer,  known  as 
Micropot,  is  announced  by  Thomas 
B.  Gibbs  &  Co.,  Delavan,  Wis.  The 
Micropot  is  linear  within  1/10  of  1 
percent  (resistance  is  directly  prO" 
portional  to  shaft  rotation  over  th« 
entire  range  of  a  20,000-ohm 
to  within  plus  or  minus  20  ohms)* 
Ten  full  turns  on  the  standard  l-i®* 
shaft  drives  a  sliding  contact 
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ROW  N I N  G 


LABORATORIES,  INC. 

WINCHESTER,  MASSACHUSETTS 
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TRU-SONIC 


CO-AXIAL 

SPEAKERS 


Licensed  under 
Western  Electric  Patents 


STEPHENS 

MANUFACTURING  CO. 

10416  NATIONAL  BLVD. 

LOS  ANGELES  34,  CALIFORNIA 


across  more  than  40  in.  of  wire- 
wound  resistance  element.  The 
complete  potentiometer  measures 
2i-in.  in  diameter  and  extends  24- 
in.  behind  the  panel.  The  running 
torque  is  rated  less  than  14-in.-oz. 
at  room  temperature,  and  not 
greater  than  3-in.-oz  between  minus 
55  and  plus  70  C.  The  resistance 
element  (with  both  end  terminals 
soldered  in  place)  is  molded  as  an 
integral  part  of  the  housing  to  pre¬ 
vent  any  loosening  or  shifting  of 
the  turns  of  resistance  wire  and  to 
insure  stability  both  as  to  linearity 
and  total  resistance.  The  potenti¬ 
ometers  are  available  in  several  re¬ 
sistance  values  from  5000  to  30,000 
ohms. 


Aircraft  Marker 
Receiver 


Marker  receiver  (75  me)  provide  ' 
stable  lamp  indicator  operation  un¬ 
der  varying  conditions  of  supply 
voltage,  temperature  and  humidity. 
Audio  frequency  output  at  the  vari¬ 
ous  tone  modulations  is  used  to  heat 
the  filament  of  the  indicator  lamps, 
thus  eliminating  the  need  for  satur¬ 
able  reactors,  relays  and  other  in¬ 
termediate  operating  means.  An¬ 
other  feature  of  these  units  is  the 
consistent  and  reliable  lamp  and 
audio  indications  produced  at  low 
supply  voltage  (11  and  22-v  d-c). 
The  stabilized  superheterodyne  re¬ 
ceiver  with  crystal  oscillator  util¬ 
izes  i-f  transformers  which  are  pro¬ 
vided  with  an  easily  adjustable 
coupling  control.  This  coupling 
control  simplifies  adjustment  pro¬ 
cedures  and  permits  variation  in 
the  overall  selectivity  characteris¬ 
tic  to  provide  peak  or  band  pass  re¬ 
sponse  as  required.  The  two  tyi)es 
of  marker  receivers  available  in- 


03i#er«!on  in 
^ttery  charging.  Fully 
automatic  .  .  .  absolute 
dependability  over  wide 
temperature  range  .  .  . 
elimination  of  mainte¬ 
nance  costs  ...  no  har¬ 
monics  in  DC  wave  .  .  . 
power  failure  protection 
.  .  .  small .  . ,  compact .  . . 
moisture  and  fungi  proof 
. . .  immunity  to  corrosive 
fumes  .  .  .  these  features 
prove  that  DC  means 
SC  .  i  .  Selenium  Con- 
version  in  battery  charg¬ 
ing.  If  you  use  DC  .  .  • 
get  the  facts  on  SC! 


SEND  FOR 
BULLETIN 


SELENIUM  CORPORATION 


of  AMERICA 


1719  WEST  PICO  BOUIEVARD 
^  lOS  ANGELES  15,  CAIIEORNIA 


EXPORT  OiViStON  FHAZA?  A  MANSI^ 

IN  CANADA  BURIEC  LTD  TORONTO  13  ONTARIO  CANiO*  I 
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error,  os 
cycles  t' 
are  used 
nent  cii 
stalled  i 


Lockheed^  s  sensational 
new  jet-propelled  su¬ 
per  fighter^  the  P-80 
^'‘Shooting  Star,’*  is 
the  world’s  fastest  and 
highest  flying  plane. 


Type  NM  53-A  which  is  not 
ijterchangeable  with  present  equip- 
jiait,  and  type  MN  55-A  which  is 
interchangeable  with  other  manu- 
{inturers’  receivers.  Bendix  Radio, 
jaltimore  4,  Md. 


Voltmeter 

JODEL  665  vacuum-tube  voltmeter 
stiliies  a  probe  which  is  designed 
for  measuring  r-f  voltages  and 
ihich  is  small  enough  that  it  can 
lie  held  in  the  hand  as  a  test  lead. 
The  probe  contains  a  high-fre- 
(joency  diode  of  the  miniature  type 
ad  it  can  also  be  used  for  measure¬ 
ment,  with  negligible  frequency 
error,  over  a  frequency  range  of  50 
cycles  to  100  me.  Shielded  leads 
are  used  in  the  d-c  voltage  measure¬ 
ment  circuits.  Each  shield  has  in¬ 
stalled  in  it  a  20-meg  isolating  re¬ 


sistor  which  also  acts  as  part  of  the 
multiplier  resistors.  Input  imped¬ 
ance  of  80  meg  on  the  1-v  range 
and  40  meg  on  the  500-v  range 
makes  it  possible  to  make  voltage 
measurements,  with  negligible 
error,  in  circuits  having  extremely 
Mgh  impedance.  A  balanced  bridge- 
^  circuit  (using  nearly  100  per¬ 
cent  degenerative  feedback)  elimi¬ 
nates  errors  due  to  line-voltage  shift 
nnd  due  to  grid  current  in  the  tube 
which  operates  the  meter.  D-c  volt¬ 
age  ranges  of  0-1,  0-2.5,  0-10,  1-100, 
*^250,  and  0-500  and  a-c  voltage 
ranges  of  0-1,  0-2.5,  1-10,  1-100  and 
®-250  are  provided  by  pushbutton 
selection.  Supreme  Instruments 
^rp..  Greenwood,  Miss. 

Television  Connector 

Illustrated  is  a  television  con¬ 
nector  designed  to  utilize  a  mini- 
of  space  behind  the  prongs  of 
tube.  The  connector  can  be  used 
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^  It  is  highly  significant  that  Andrew 
^  coaxial  cables  were  chosen  for  the  vital 
radio  and  radar  equipment  installed  in  the 
P-80.  They  were  selected  because  they  are 
much  more  resistant  than  ordinary  solid 
dielectric  cables  to  the  high  temperature 
encountered  in  the  tail  of  the  plane. 

Andrew  Co.  is  a  pioneer  manufacturer  of 
antenna  tuning  and  phasing  equipment,  in¬ 
cluding  a  complete  line  of  ceramic  insulated 
coaxial  cables  and  all  necessary  accessories. 
Write  for  catalog. 


ANDREW  CO. 


STOKES 


Private-brand  radios  for 
Americans  best  retailers! 


Hljgg  VMVVm 


♦  Retafl  Chains,  Farnitare  Chains, 
a  Department  Store  Buying  Combines 

DO  YOU  PLAN  TO  SELL  FROM 
5,000  TO  20,000  RADIOS  A  YEAR? 


y  5-  and  6-tube  AC-DC  table  model  radios 
in  bakelite,  catalin  and  wood  cabinets 

y  Table  radio-phonograph  combinations 

y  Portable  phonographs 

Our  policy  bas  consistently  been  to  keep  costs'  at  roek< 
bottom;  to  accept  orders  omy  wben  we  can  fill  tbem  and 
live  up  to  agr^d-on  terms.  We  welcome  inquiry. 


•  Higher  Vacuum  (in  the 
low  micron  range) 

•  High  volumetric  efficiency 

•  Low  power  requirement 

•  Complete  discharge  of  crir 
— no  re-expansion 

•  Continuous  dehydration  of 
oil  —  no  moisture  to  re¬ 
evaporate 

•  Discharges  sudden  slugs 
of  liquid  without  injury 

•  Easily  accessible,  non-cor¬ 
rosive  discharge  valve 

•  Rugged,  compact,  simple 
construction 

•  Long  life  .  .  .  negligible 
maintenance. 

•  Five  sizes — from  10  to  235 

cu.  ft.  per  min. 


iieN.  nm  ^  Firrtoflh#  pr«-wor  radio  monufaeturtr*  In  rti«N«w 

\  York  Motropoliian  oroo  to  win  Hm  Army-Novy  "E." 

W  Hr  lb  ¥  MANUFACTURING  COMPANY.  INC. 

33  WEST  46th  STREET,  NEW  YORK  19,  N.  Y.  •  BRYANT  9-2300 


Are  Always  Accurate 


a  Require  no  calibration 

•  Rapid  readingi 

•  Simple  to  operate — ^Ju*t  tip  <®“ 
read 

•  Two  models  (AA)  0  to  5000 
crons — (BB)  0  to  700  microns.  ^ 
readings  to  1/10  micree. 

F.  J.  STOKES  MACHINE  CO. 

6046  Tabor  Read  Philadolpliia  M,  H- 


AGASTAT 


ILICTRO-PNiUMATIC  TIMI  DILAY  RiLAY 

ELIZABETH  AGA  NEW  JERSEY 
AMERICAN  GAS  ACCUMULATOR  COMPANY 
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Screw  Machine  Products: 

•  Screw  machine  products 
have  now  entered  the 
field  of  electronics  in 
volume. 

•  Experienced  Producers  of 
screw  machine  products 
are  essential  to  expedite 
efficient  operation. 

Your  Source — 

WQlriiom  Screw  Compony  because: 

•  Of  sufficient  equipment  to 
produce  in  any  quantity 
screws,  tubes,  shafts,  in¬ 
serts,  nuts  and  other 
screw  machine  products 
in  any  thread  to  meet 
close  tolerance  require¬ 
ments. 

•  Our  experience  gained  in 
over  half  a  century  of  de¬ 
velopment  and  produc¬ 
tion  of  screw  machine 
products  is  now  available 
to  you  in  the  electronics 
fields. 

Send  for  our  catalog  and  call 
lipon  our  Engineering  Staff  for 
Solutions  to  your  problems  in 
screw  machine  products. 

WAIT41AM  SCRfW 

COMPANY 

^5  Rumford  Ave. 

Waltham,  Mass. 
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in  television  sets,  oscilloscopes  and 
other  similar  applications.  It  is  de¬ 
signed  for  the  higher  voltages  and 
provides  longer  leakage  paths  be¬ 
tween  the  contacts  protecting  the 
skirt  around  the  prongs  of  the  tube 
to  preclude  the  possibility  of  shock. 
Alden  Products  Co.,  117  N.  Main 
St.,  Brockton  64,  Mass. 


Two-Pole  Circuit  Breaker 

A  Smaller,  lighter,  more  compact, 
two-pole  breaker  with  a  more 
efficient  blow-out  action  and  a  faster 
latch  mechanism  has  been  added  to 
the  line  of  circuit  breakers  made  by 
the  Heinemann  Circuit  Breaker 
Company  of  97  Plum  Street,  Tren¬ 
ton,  N.  J. 

The  unit  illustrated  here,  is  fully 
electro-magnetic,  is  designed  for 
service  on  230-v  a-c  or  250-v  d-c 
of  50  amp  maximum.  It  may  be 
connected  either  front  or  rear.  It 
will  carry  full  load  continuously  and 


■  Build  longur  Mu, 
buffur  purformantu.  Info 
your  products  •  •  •  with 
ruggod,  dopondablo 


SPERTI 

HERMETICSEALS 


Buyers  who  have  waited  through  the 
war  years  will  be  looking  for  big 
improvements  in  your  products.  You’ll 
have  to  meet  civilians’  expectations . . . 
just  as  you  have  met  military  speci¬ 
fications. 


You  can  do  it  by  building  longer 
life,  better  performance,  more  trouble- 
free  operation  into  your  products. 
'That  calls  for  Sperti  Hermetic  Seals, 
the  rugged,  dependable,  war-proved 
seals  that  effeaively  shut  out  dust, 
oK>isture  and  deteriorating  agenu. 


Sperti  Hermetic  Seals  are  durable, 
one-piece  units,  easily  soldered-in  at 
less  expense.  Because  of  Sperti’s  ad¬ 
vanced  manufacturing  methods,  plus 
exhaustive  tests  and  inspections,  you’ll 
get  "true”  seals  that  cut  down  produc¬ 
tion  delays  and  costly  rejects  in  the 
inspection  line. 


WRITE,  TODAY.  Get  the  facts. 
Find  out  about  the  many  product  ap’ 
plications  of  Sperti  Hermetic  Seals 
and  their  performance  advantages. 


H«r«*s  Why 

iMdinfl  Wlamifactwren  Cheese 
fperti  Hermetic  Seels 

•  Seel  ewt  Aiit,  fwngut.  Mil  tptnf, 
send  etmetphere  ot  high  ellilwdes,  etc. 

•  Win  add  lenger  life  le  o  predwct. 
e  Will  hely  reduce  eyeretieriel  treuMes. 

•  Are  ene-yiece,  rugged  units,  letiiy 
teldered-in  et  less  exgenM. 


INCOKSOtATID 
CINCINNATI  13,  O. 


liSfAICN  •  IIViLePMINT  •  NANiraCTIRINS 
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[  so  FI»E 

IT  MOST  BE 


,  .  -^1 


»h  P'  ''  A, 


TO  B[  S[[«l  ■ 


WOLLASTON  PROCESS 
Wire  as  small  as 

1  (OF  AN  INCH 
100,000  HN  DIAMETER 

.  •  •  available  In  Platinum 
and  some  other  Metals 

.00001"  is  less  than  1/30  the 
diometer  of  the  smallest  wire 
die  commercially  available. 
Yet  our  Wollaston  Process 
wire  (drawn  in  a  silver  jacket) 
closely  meets  your  speciflco- 
tions  for  diameter,  resistance 
and  other  characteristics. 

• 

This  organization  specializes 
in  wire  and  ribbon  of  smaller 
than  commercial  sizes  and 
closer  than  commercial  toler¬ 
ances.  Writ*  tor  U»t  of  Peodvrti, 


SIGMUND  COHN  &  CO. 

A 


s/.vcf  1901 

44  GOLD  STREET  NEW  YORK  7 


Get  This  New  Booklet  on 
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An  interesting  and  colorful  book¬ 
let  on  their  product  has  been  pre¬ 
pared  for  your  information  and 
convenience  by  the  makers  of  Cel- 
lusuede  Cotton  and  Rayon  Flodc. 
Brief,  clear  explanations  give  all 
the  facts  you’ll  want  to  know  about 
this  versatile  coating  material;  what 
it  is  made  of;  how  it  is  applied;  how  it  can  be  used.  In  the  pages 
of  this  booklet  you  may  find  the  answer  to  one  of  your  manufactur¬ 
ing  problems.  You  will  be 
interested,  too,  in  the  col¬ 
orful  and  unique  applica¬ 
tion  of  Cellusuede  on  the  , 
booklet  cover.  Write  for 
your  copy. 


TRANSFORMERS  FOR  ^ 
ELECTRONIC  APPLICATIONS  ■ 


We  are  completely  equipped 
for  volume  production.  Write 
us  concerning  your  require¬ 
ments. 


DONGAN  ELECTRIC  MFG.  CO. 

2977  Franklin  Detroit  7,  Mich. 


? '  Bbngan  W«  I"**** 

Slice  Nineteen-Nim  4  imnuirlM 
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rMAlL  FOR-^ 

^iVICfORY^’ 

CLiAftANCi 


jjas  instantaneous  trip  at  eight  to 
ten  times  full  load.  It  also  has  a 
selection  of  three  time  delays,  any 
one  of  which  may  be  specified. 
Overall  dimensions  are:  5i  in.  long 
by  2-li  in.  high  and  2  in.  wide. 

Meter  for  Measuring 
Maximum  Shock 

A  MEASURING  DEVICE,  designated  as 
the  G  Meter,  reads  the  value  of  the 
maximum  intensity  of  shock,  even 
though  that  maximum  exists  for 
an  extremely  short  duration.  The 
gravitational  unit  G  is  used  as  the 
unit  of  measure.  The  meter  con¬ 
sists  of  the  G  meter  itself  (which 
is  subjected  to  the  shock)  and  the 
electronically-operated  indicating 
mechanism.  The  two  are  inter¬ 
connected  by  a  multi-wire  cable. 
The  entire  device  operates  from  a-c 
power.  Readings  are  obtained  by 
means  of  a  series  of  lights  which 
glow  at  a  given  impact  and  which 
represent  graduating  degrees  of 
shock. 

The  meter  can  be  used  to  deter¬ 
mine  the  shock  involved  due  to 


Nome 


vibration  even  at  relatively  high 
frequencies;  shock  transmitted  to 
the  various  components  of  any  mov¬ 
ing  mechanism;  shock  adminis¬ 
tered  to  a  radio,  or  a  carburetor, 
or  any  other  part  of  a  car  or  a 
plane. 

Another  application  of  the  meter 

in  packaging  materials  to  deter¬ 
mine  various  means  for  providing 
full  protection  of  packaged  mate- 
fiaL  In  this  application,  the  meter 
is  securely  mounted  and  incor¬ 
porated  in  a  mock-up  of  the  article 
whose  packaging  is  to  be  tested. 
The  size  and  weight  are  adjusted 
to  simulate  the  article  itself.  This 
mock-up  is  then  wrapped,  and  the 
wmpleted  package  dropped  a 
•mown  distance.  The  reading 
uotained  is  a  direct  indication  of 
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Address. 


PrierHies  on  all  radio  parts  and  •Uctronic  oquipmanl  have  been 
removed!  You  can  again  order  long-scarce  items,  until  new  available  only  to  pro¬ 
ducers  for  war.  Concord  Is  ready  to  All  your  needs,  from  vast  stocks. 


. State 

(Dept,  e-105) 
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RADIO  PARTS  •  ELECTRONIC  EQUIPMENT 

ORDER  TODAY  FOR  SHIPMENT  TOMORROW 


Our  shelves  are  loaded  with  standard 
linesof  high  quality  nationally  known 
parts  and  equipment  until  recently 
reserved  for  government  agencies  and 
war  manufacturers.  These  are  now 
released  for  you  .  .  .  Tubes,  Con¬ 
densers,  Transformers,  Resistors, 
Test  Equipment,  Amplifiers,  Inter¬ 
coms,  Repair  and  Replacement  Parts 
of  every  description,  and  hundreds 
of  other  essential  items.  Our  two 
shipping- warehouses — one  in  CHI¬ 
CAGO  and  one  in  ATLANTA— can 
fill  most  orders  in  24  hours  from  the 
day  they  reach  us.  No  matter  what 
you  ne^  in  parts  and  equipment, 
order  from  CONCORD  for  depend¬ 
able  quality,  excellent  values,  and 
immediate  service. 

Moll  Coupon  for  FREI  Copy 
“VICTORY  CLEARANCE  FLYER’* 

We  have  just  published  an  exciting 
new  Flyer  offering  thousands  of 
standard-line,  standard-quality 
parts  and  equipment  at  Victory 
Clearance  prices.  It  contains  excep¬ 
tional  values  in  many  items  you  have 
not  been  able  to  obtain  at  any  price. 
Consult  this  VICTORY  CLEAR¬ 
ANCE  FLYER  before  you  buy.  It 
will  save  you  money.  Mail  coupon 
below  for  your  copy — it’s  FREE. 


Aerovox  •  Amphanol  a  Amparita  *  Astatic 
SAW*  Cardwall  *  Cantralab  •  Coraall- 
Dubilier  *  Eimac  a  Ganeral  EUctric  •  Holli- 
craftars  •  Haintz  &  Kaufman  a  Hickok  a  TRC 
Janatt*  •  Jensen  •  Johnson  •  Mallory 
Meissner  e  National  •  Ohmite  e  Presta  •  RCA 
Readrite  •  Shure  •  Simpson  •  Spragua 
Stancor  e  Supreme  a  Thordarson  •  Triplett 
UTC  •  Universal  e  Utah  •  Weston  •  Worner 

OrdT  from  Formmr  Catalogs 
No,  345  and  No.  94 

Our  former  catalogs  No.  345  and  No.  94 
contain  many  parts  now  available.  Use 
them  to  order  what  you  need ! 


CONCORD 


CHICAGO 


901  W.  iockson  Blvd. 
CHICAGO  7,  ILL. 


ATLANTA 


26S  Peachtree  St. 
ATLANTA  3,  GA. 


RnOID  CORPORRTION 


shoe 

pickaxe 

the  shoe 
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atered, 
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ige  ma) 
types  ol 
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HIGH  GAIN  END-FIRE  ARRAYS 

The  pattern  of  the  18  element,  high  gain,  end-fire  array  (illus¬ 
trated  above)  will  convey  more  than  words,  the  capabilities 
of  the  Workshop  for  manufacturing  antennas  to  fill  your 
requirements.  Due  to  our  exceptional  electronic  test  equip¬ 
ment  for  measuring  gain,  pattern  and  impedance  match  we 
can  readily  meet  the  most  exacting  specifications  for  all  types 
of  antennas  suitable  for  use  in  the  high  frequency  spectrum 
—  from  30  me  up. 

If  you  have  an  antenna  problem  in  the  VHF,  UHF,  or  SHF 
bands  we  can  help  you  —  write  or  phone  the  details. 

The  WORKSHOP  ASSOCIATES 

FOR  THE  ELECTRONIC  INDUSTRY 
66  NEEDHAM  STREET,  NEWTON  HIGHLANDS  61,  MASSACHUSETTS 


Afl  Ihvitatiofi  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


fOR BRUSHES 

High  current  density,  low  contact  drop,  low 
electrical  noise,  and  self-lubrication  ore 
characteristics  of  this  silver- impregnated 
molded  graphite  that  may  be  the  onswer 
to  your  electrical  brush  problems. 


FOR  CONTACTS 

Low  contact  resistance  and  non-welding 
when  breaking  surge  currents  are  inherent 
properties  of  this  unique  combination  of 
conductive  silver  and  self-lubricating 
graphite. 


SAMPLES  of  Silvor  Graphalloy  will  be  gladly  furnishod  for  tost  on  your  applications. 
Sllvr  Graphalloy  is  usually  silvor  plotod  to  pormit  oasy  soldoring  to  loaf 
springs  or  holders.  Why  not  WHITE  NOW  for  your  tost  samplos? 

GRAPHITE  METALLIZING  CORPORATION^^S^ 

1055  HEPPERHAM  AVE  •  YONKERS.  NEW  YORK 


From  the  product  de¬ 
signer  through  to  final 
assembly  and  use  in 
the  field,  the  Eby  Spring 
Binding  Post  line  offers 
top  service  based  on 
dependability. 

The  spring  binding  post 
offers  unique  advan¬ 
tages  that  can't  be 
duplicated: 

1. No  screw  cap  to 
tighten  or  come 
loose  with  vibration. 

2.  Constant,  even  pres¬ 
sure  on  the  wire  at 
all  times  in  all  posi¬ 
tions. 

3.  Easy  one-hand  feed¬ 
ing  of  wire  into  the 
post. 

4.  Corrosion  -  resistant, 
long-life  springs. 

5.  Complete  range  of 
sizes,  stem  lengths, 
and  accessories  for 
every  application. 

Replace  with  Eby  Spring 
Binding  Posts  —  Write 
today. 


IlieORPOIATEI 

iiw.ciaTnivL 

PIIUIELPIU.PL 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 
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shock  transmitted  through  the 
piehsge  to  the  meter.  If  desired, 
tlie  shock  transmitted  may  be  cor- 
rdsted  to  the  total  shock  admin- 
irtered,  and  the  degree  of  shock 
insulation  of  the  particular  pack- 
ige  may  be  calculated.  Different 
types  of  packaging  may  then  be 
Bvestigated  and  compared. 

Literature  is  available  from  the 
sinufacturer,  Frederic  D.  Schott- 
tod,  82-62  Grenfell  Ave.,  Kew 
Girdens,  N.  Y.,  whose  engineering 
Apartment  maintains  package 
InigD  and  testing  facilities,  and 
i  also  prepared  to  analyze  any 
problem  and  make  recommenda- 
ti(8i8  as  to  the  range  of  meter  suit- 
ible  to  its  application. 

literature____ 

Ipitron  Tube.  A  new  24-page  pub¬ 
lication  (No.  ETI-21)  on  the  Gen¬ 
eral  Electric  Company’s  ignitron 
tabe  is  available  from  the  Pub¬ 
licity  Section,  Electronics  Dept., 
Schenectady,  N.  Y.  The  booklet 
describes  the  operating  character- 
irtics  and  performance  ratings  of 
the  GE  ignitron  types  with  an  ex¬ 
planation  of  how  they  are  used  in 
welding  circuits  and  for  power 
rectification.  Applications  of  the 
ignitron  in  steel  mills,  mines,  plane 
factories,  floating  drydocks  and 
other  industries  are  outlined. 

Introduction  to  Electronics.  This 
20-page  booklet  (No.  E6358) 
was  prepared  from  material  used 
by  Dr.  Walther  Richter  for  a  series 
of  five  lectures  which  he  gave  to  a 
group  of  Allis-Chalmers  engineers. 
The  booklet  is  aimed  at  applica- 

•  •  • 

RADIO  BOMB 


controlled  glider  bombi  like  this 
released  from  German  oircrolt  In 
On  Allied  thippln?*  This  bomb 
**  fonad  packed  lor  transport  near 
PorU 


An  important  statement  on 

CARDWELL  deliveries . . 


Almost  all  standard  Cardwell  Capacitors  are  now 
being  made  at  our  Plainville,  Connecticut,  plant. 
The  splendid  facilities  of  this  newly  acquired  plant 
will  permit  us  to  produce  greater  quantities,  and 
to  considerably  improve  delivery  schedules. 


NO.  46 


...  a  valuable  new  edition,  just  off  the  press.  Filled  with  descrip¬ 
tions,  charts  and  photographs  of  standard  Cardwell  capacitors, 
accessories  and  precision  instruments. 

...  a  handy  reference  manual  of  unusual  interest  to  engineers  and 
purchasing  agents  working  on  present  and  postwar  projects.  Your 
copy  will  be  sent  immediately. 


/tHAIl  THIS  COUPON  TODAY 


THE  ALLEN  D.  CARDWELL  MFC.  CORP. 

t1  PROSPECT  STREET 
BROOKLTN  1.  NEW  YORK 

Please  send  me  a  copy  of  the  Cardwell  Catalog  #46. 


FIRM  NAME. 


CARDWELL  ^  CONDENSERS 

THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 

81  PROSPECT  STREET  BROOKLYN  1,  N  Y. 
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10  Superior  features  of 
mechanical  design 

®  Quick,  easy  assembly 

^  Lowest  cost  per 
^  finished  unit 


EUCTRIX 

\yOA/pjOAxUl04^ 

140-158  MIDDLE  STREET 
PAWTUCKET  •  RHODE  ISLAND 


UNITED  STATES  RUBBER  COMPANY 
£xc/utiV«  Sailing  Aganft 


RADELL-BUILT  PRODUCTS 

•  It  is  easy  to  recognize  the  marks  of  superior 
craftsmanship  in  Radell-huilt  electronic  products.  With 
a  hroad  basic  knowledge  and  advanced  production  skill, 
Radell  Corporation  is  a  versatile  organization  specialize 
tng  in  the  assembly  and  suh-assemhly  of  highest 
quality  electronic  products. 

COMPLETE  FACILITIES  FOR  AUDIO  WORK 


Pm 


HAS  RECEIVERS 


110  KC  TO  210  MC! 

FOR  IMMEDIATE  DELIVERY 
Here's  the  good  newt  we've  all 
been  waiting  for.  Harrison  con  lUp 
you  WITHIN  24  HOURS  o  brand 
new,  latest  Improved  model  Con* 
munications  Receiver. 

But  hurry!  We  don't  expect  eves 
our  tremendous  stock  to  be  ade< 
quote  for  the  pent*up  demand.  Ifi 
first  come— first  served,  so  wire  or 
moii  your  order  right  now. 

110  KC  T0  18MC 

HALLICRAFTERS  S.22R 


The  Skyrider  Marine — an  efficient  mariM 
receiver  at  a  moderate  price.  Protected 
against  salt  air.  AC  or  DC  operation.  Top 
performance  afloat  or  ashore. 

Eight  tubes,  nlckle  plated  chassis,  bulH-l« 
speaker.  Complete  $74.50. 

550  KC  TO  42  MC 

HALLICRAFTERS  SX-28A 


Hera  s  the  new  Super  Skyrider— the  receiver 
that  played  an  outstanding  role  in  War 
Communications!  Improved  —  up-to-the-mie. 
ute— ideal  for  Lab  or  home. 

IS  tubas,  crystal  filter,  noise  limiter,  ad- 
fustable  band  width .  $223 

27.8  TO  143  MC 

HALLICRAFTER  S-36 

FM-AM-CW,  full  coverage  in  three  bands, 
fifteen  tubes,  115/230  Y.  AC  operations, 

_ audio  systam 

flat  from 
15,000  cycles, 
noise 


130  TO  210  MC 

HALLICRAFTERS  S-37 

Advanced  features  of  design  providing  peak 
VHP  performance.  FM-AM,  two  RF  stages, 
*^*94*i  voltage  regulated,  me¬ 
chanical  bandspread,  14  tubas,  noise  lls^ 


Halllcraftars  •  Jensen  10  Inch  PM  dynamic 
speaker  in  cabinet  to  motels  above  raMvers. 


NATIONAL  H  R  O 

Nine  tubes,  1.7  to  30  MC  Table  modaLeo» 
plate  with  tubes,  speaker  and  pack.  $22a.3i 

Literature  daaerlMni  thase  Raealvtrs  Is  ayallaUa 
upofi  roQUitt 

(Priees  subject  te  ebense  without  natlaa) 
Hove  you  our  new  800  page  IUYUS 
GUIDE?  Writotodayl 


6323-37  Guilford  Avenue,  Indianapolis  5,  Indiana 


!f  1 1 ‘ ' 

12  WEST  BROADWAY  •  NEW  YORK  CITV  ' 
BA  SCLAV  7-9854 

JAMAICA  BRANCH  -  172  31  H.lliid.  A»e.  —  9  I'M 
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MEETING  today’s  rigid  requirements 
of  uniform,  versatile,  high-capacity 
production. 

Th  e  units  pictured  here  are  part  of  a  large  battery  of  the 
new  D.P.I.  Vacuum  Coaters — Model  LC  1-500-3,  designed 
to  deposit  metals  or  metallic  salts  on  glass,  other  metals, 
and  plastics. 


engineers  and  is  designed  to 
provide  an  understanding  of  the 
principles  of  electronics  and  to  give 
an  idea  of  the  part  electronics  will 
piny  in  future  industrial  develop¬ 
ments.  A  brief  discussion  on  the 
fondamentals  of  conversion  and 
eontrol  of  electric  power  in  a  load 
prefaces  the  introduction  to  the 
jubject  of  electron  tubes.  The  dis- 
tnssion  of  tubes  is  divided  into  two 
main  parts:  vacuum  and  gaseous. 
Differences  between  a  vacuum  tube 
and  the  equivalent  mechanical  de- 
tice,  methods  of  specifying  tube 
performance,  application  of  tube 
tharacteristics  for  design  purposes, 
ind  use  of  the  high-speed  response 
of  the  tube  are  explained.  Princi¬ 
ples  of  tube  detector  action  with 
applications,  and  principles  of  tube 
oscillators  with  application  to  in¬ 
duction  and  dielectric  heating  are 
also  given.  Line  drawings,  curves, 
and  sketches  add  to  the  compre¬ 
hensiveness  of  this  booklet.  Allis- 
Chalmers  Mfg.  Co.,  Milwaukee  1, 
Wis. 

RCA  Questions  and  Answers.  A 
48-page  book  entitled  “RCA,  What 
It  Is,  What  It  Does”  was  pub¬ 
lished  in  response  to  questions  that 
are  often  asked  of  RCA.  The  book¬ 
let  covers  such  subjects  as  broad¬ 
casting,  television,  manufacturing, 
communications,  marine  radio, 
technical  training,  research  and 
engineering  and  other  data  about 
RCA  Radio  Corporation  of  Amer¬ 
ica,  30  Rockefeller  Plaza,  New  York 
20,  N.  Y. 

Substitute  Tubes  for  Diathermy. 
A  substitution  list  of  tubes  for 
diathermy  apparatus  has  been  pub- 
lished  by  Taylor  Tubes,  Inc.,  2312 
Wabansia  Ave.,  Chicago,  Ill.  The 
leaflet  lists  the  equipment  by  manu- 
facturer  and  shows  which  type 
tabes  are  furnished  with  the  unit 
end  the  Taylor  tube  substitute. 

^hings  and  Insulators.  Dimen- 
•ional  and  electrical  data  on  Tronex 
1300  line  of  solder-seal  bushings 
i>  contained  in  an  8-page  booklet 
mUable  from  T.  C.  Wheaton  Co., 
Industrial  Div.,  Millville,  N.  J. 
page  of  the  booklet  illustrates 
of  electronic  components 
J^itable,  and  two  pages  of  the 
wklet  give  background  data  on 
Wheaton. 


SIX  OUTSTANDING  FEATURES 

1.  Fast  evacuation' cycle 

2.  Convenient  high-vacuum  valve 

3.  Rugged  construction 

4.  Low  maintenance  costs 

5.  Simplicity  of  operation 

6.  Completeness — ready  for  operation 
with  the  necessary  pumps, 
gauges,  controls,  wiring, 

and  service  connections 


For  further  information  on  D.P.I.  vacuum  coating  equip¬ 
ment  . . .  Write  Vacuum  Equipment  Division. 


DISTILLATION  PRODUCTS,  INC. 

Joinfly  owned  by  EASTMAN  KODAK  COMPANY  and  GENERAL  MILLS,  INC. 

ROCHESTER  13,  N.  Y. 


HIGH-VVACUUM 

HEADQUARTERS 
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right  use  of  elec- 
tronics  may  unlock 
new  possibilities  for 
your  postwar  product,  or  open 
the  way  to  new  efficiency  on 
your  production  line.  Bell  engi¬ 
neers  may  have  the  key  —  the 
electronic  answer  —  to  your 
needs  I  BELL's  wide  experience 
in  designing  and  building  elec¬ 
tronic  assemblies  and  controls  — 
from  the  earliest  developments 
right  through  to  the  latest  types 
—  qualifies  them  to  serve  you. 
Your  inquiry  will  not  obligate 
you  in  any  way. 


AMONG  PRESENT  BELL  PROD¬ 
UCTS  ARE  —  Electronic  Sound 
Devices  —  Intercommunicating 
Systems — Industrial  Voice-Paging 
and  Broadcasting  Equipment  — 
Permanent  and  Portable  Amplify¬ 
ing  Systems — Recording  and  Disc 

_  Playing  Units  — 

Electronic  Controls 
—  Operating  Se¬ 
quence  Recorders 
—  Other  Special 
Devices. 


Waxes 

^  A*  o  vital  service  to  the  Armed 
‘  .^-forces  we  now  offer  Fungus  Resist¬ 
ant  Materials.  These  recently  devei- 
'  oped  products  are  the  answer  to 
Communications  requirements 
.  where  the  impregnation  or  ^ 
coating  of  radio  parts 
.  ^and  equipment  are 
concerned. 


^OPHAR  waxes  and  compounds' 
meet  every  specification  of  both  the 
Army  and  Navy  for  waterproofing 
ond  insulating  all  electrical  and 
radio  components.  They  also  have 
wide  application- in  packaging  of 
every  description. 


MILLS 


112-130-26th  STREET 
.  BROOKLYN,  N.Y. 


ESTABLISHED  1846 


PILOT  LIGHT  ASSEMBLIES 


HOUSING  NEON  OR  MAZDA  LAMPS 


Fiuigus-Proofed 


Greater  emphasis  on  functional  design  is  the  trend  in 
post-war  engineering  of  Electrical-Electronic  Products. 
Mindful  of  this  fact,  Dialco  has  produced  a  line  of  Pilot  Lights 
calculated  to  meet  readily  all  post-war  requirements.  Com¬ 
prising  Worning-ond-Signal  Pilot  Lights,  Panel  Lights,  Jewel 
Assemblies,  and  Socket  Assemblies,  the  Dialco  line  offers  un¬ 
limited  variations  in  functional  design,  size,  shape,  electrical 
characteristics,  color,  finish,  etc.  Special  emphasis 
on  applications  of  NEON  Glow  I^mps. 


Let  our  Engineering  Dept,  help  you  select  the  Pilot 
Light  best  suited  to  the  functional  design  of  your 
post-war  product. 

PIUS  LAMPS:  To  help  speed  production,  we  offer 
Klot  Lights  completely  assembled  with  the  required 
General  Electric  or  Westinghouse  Lamps. 


PERFECT  YOUR 


POST-WAR 


PRODUCTS 


WITH  DIALCO  Sf#  £ 


BELL  SOUND  SYSTEMS,  INC 

1189  Essex  Avc.  Columbus  3.  Ohio 

Ciporl  Olt.  4900  Euclid  A»».,  CIntland  3,  Ohil 


WRITE  FOR  NEW 


ILLUSTRATED 

BROCHURE 


DIRLUGHTLD. 


simteviiea.,  tf'n 


sur. 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone;  Algonquin  4-5180-1-2-3 


BELL 

MAY  HAVE 
THE  “Key” 
TO  YOUR 
ELECTRONICS 
NEEDS 
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l^be  Chart.  Amperex  Electronic 
Corp.,  25  Washington  St.,  Brook¬ 
lyn  1,  N.  Y.,  have  made  available 
1  wall-mounting  tube  interchange- 
ibility  chart  which  lists  approxi¬ 
mately  300  transmitting-tube  type 
numbers  and  their  equivalent  desig¬ 
nation  in  Amperex  tubes. 


Volt-Ohm-Milliameter.  Model  No. 
625-N  multi-range,  volt-ohm-milli- 
immeter  with  a  5-in.  scale  is  de¬ 
scribed  and  illustrated  in  a  1-page 
form  (No.  71045-T).  The  instru¬ 
ment  is  rated  at  20,000  ohms  per 
volt  d-c,  and  10,000  ohms  per  volt, 
Src.  The  Triplett  Electrical  Instru¬ 
ment  Co.,  BlufTton,  Ohio. 

Vibrating  Reed  Frequency  Met¬ 
ers.  New  uses  for  vibrating-reed 
frequency  meters  are  described  and 
illustrated  in  a  4-page  bulletin 
(No.  VF-43-1C)  from  J-B-T  Instru¬ 
ments,  Inc.,  441  Chapel  St.,  New 
Haven  8,  Conn.  Several  special  pur¬ 
pose  meters  are  included  in  the 
bulletin. 


Background  Data.  The  title  of 
this  20-page  booklet  is  “The  Story 
of  Webster  Chicago”.  Besides  the 
data  giving  the  background  his¬ 
tory  of  Webster,  the  booklet  con¬ 
tains  illustrations  and  descriptive 
matter  on  the  products  manufac¬ 
tured  by  Webster  Chicago  Corp., 
Chicago,  Ill. 


Supplemental  Catalog  Data.  An 
8-page  Supplemental  Bulletin,  No. 
3,  supersedes  all  technical  data  on 
Types  BT  (metallized  insulated 
resistors)  and  BW  (insulated  wire 
wound  resistors)  manufactured  by 
International  Resistance  Co.,  401 
N.  Broad  St.,  Philadelphia  8,  Pa. 

pry  Air  Pumps.  Bulletin  No.  30 
illustrates  and  describes  three  dif¬ 
ferent  pumps  which  were  origi- 
•lally  designed  for  filling  coaxial 
transmission  lines,  but  which  can 
also  be  used  for  electrical,  radio  and 
radar  equipment.  Andrew  Co.,  363 
East  75th  St.,  Chicago  19,  Ill. 

Railroad  Radio  Communications. 
This  title  designates  the  name  of  a 
20-page  brochure  designed  to  tell 
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WAVE 

FILTERS 

PA£dAiCfn9lkick^ 


Engineering  experience  and  man¬ 
ufacturing  know-how  combine  to 
make  Chicago  Transformer  un¬ 
usually  well  qualified  to  design 
and  produce  all  types  of  audio 
frequency  filters  for  the  most  ex¬ 
acting  requirements. 


CHICAGO  TRANSFORMER 

DIVISION  OF  fSSEX  WIRE  CORRORATION 

3501  WEST  ADDISON  ST.REET 
CHICAGO.  18 


delivers 

RADIO  AND  ELECTRONIC 
EQUIPMENT 


anywhere  in  the 


the  reader  that  this  company  has 
engineered  a  comprehensive  and  in¬ 
tegrated  communication  system 
which  can  be  adapted  to  the  indi¬ 
vidual  requirements  of  each  rail¬ 
road.  The  brochure  contains  many 
illustrations  relating  to  different 
phases  of  railroad  communication. 
Maguire  Industries,  Inc.,  Elec¬ 
tronics  Div.,  1437  Railroad  Ave., 
Bridgeport,  Conn. 


Electronic  Equipment.  Rectifiers, 
test  equipment,  aerial  printer,  elec¬ 
tronic  timers,  solenoid  brakes,  400- 
cycle  timers,  junction  boxes,  oscil¬ 
lators,  switches,  solenoids,  antennas 
are  all  illustrated  in  a  4-page  bul¬ 
letin  entitled  “Electronic  Equip¬ 
ment”  which  tells  the  reader  that 
Richardson-Allen  Corporation  spe¬ 
cializes  in  electronic  engineering, 
development  and  production.  15 
West  20th  St.,  New  York  11,  N.  Y. 


ith  Government  regulations  elim¬ 
inated,  HARVEY  can  now  fill  your 
needs  for  radio,  electronic,  test  and 
laboratory  equipment  more  quickly 
and  efficiently  from  the  finest  and 
largest  stocks  in  our  history. 

HARVEY  carries  the  lines  of  lead¬ 
ing  American  radio  and  electronic 
manufacturers.  Their  long-promised 
postwar  products  will  be  on  our 
shelves  the  very  moment  they  are 
released. 

Our  experienced  staff  is  ready  to 
serve  you. 


ACCURACY  OF 
LARGER  METERS  IN 

MB  1-inch 
Miniatures 


Radio  Accessories.  General  Ce¬ 
ment  Manufacturing  Co.,  of  Rock¬ 
ford,  Ill.,  have  issued  a  catalog 
(No.  146)  which  contains  a  com¬ 
plete  listing  of  their  line  of  radio 
cements,  chemicals,  hardware,  cab¬ 
inet  repair  kits,  repair  parts,  tools 
and  other  service  accessories. 


Precision  designed  and  skillfully  built, 
MB  meters  have  the  stamina  and  ac¬ 
curacy  to  meet  the  most  precise,  rigor¬ 
ous  tests.  Lightweight  moving  coil 
mounted  on  standard  size  jewel  bear¬ 
ings  and  pivots  .  .  .  powerful,  reten¬ 
tive  magnet  .  .  .  hermetically  sealed, 
anodized  aluminum  case — all  combine 
to  give  ability  to  withstand  vibration, 
shock,  temperature  extremes,  moisture. 

These  oz.  instruments  are  avail¬ 
able  in  standard  DC  ranges  from  100 
microamperes  through  10  milliamperea 
.  .  .  and  0-10  and  0-50  millivolts.  Stan¬ 
dard  external  shunts,  multipliers,  rec¬ 
tifiers  available  for  other  ranges.  MB 
also  offers  a  1  ^/^-inch,  1  %  oz.  model  self- 
contained  in  all  standard  DC  ranges, 
and  rectifier-type  AC  voltmeters  and 
milliammeters. 

MB  miniature  meters  are  adaptable 
to  a  hundred  and  one  uses.  Our  en¬ 
gineers  will  be  glad  to  aid  in  your 
problems.  Write  Dept.  G  for  catalog 
and  details. 


Haovy  Duty  Dusk  Ponul 


Cobinuts 


Electrical  Instruments.  Types 
TD  and  TA,  RD  and  RA,  DD  and 
DA,  OD  and  OA,  VD  special,  PD 
and  PA,  and  VD  and  VA  improved 
ammeters  and  voltmeters  are  illus¬ 
trated  and  described  in  three  sep¬ 
arate  pieces  of  literature  available 
from  the  manufacturer.  The  Nor¬ 
ton  Electrical  Instrument  Co., 
Manchester,  Conn. 


8%"  high  x  It"  long  x  d««p 

Moot  for  xmoll  tranflormorx,  public 
addrtst  omplHitrs,  oscillator*,  tost 
•quipmont,  otc. 

Thuse  cabinets  are  rigidly  eon- 
structod  of  1/16"  cold  rolled  sfeoli 
with  all  joints  electrically  welded. 
Louvres  provide  ample  ventilation 
through  sides  and  back.  Top  door 
is  mounted  with  piano  type  hinges, 
and  locks  with  flush  mounted  snap 
catches.  Two  sturdy  handles  are 
mounted  on  each  side  and  semi- 
recessed.  Black  ripple  finish.  Suit¬ 
able  tor  standard  SVe"  x  19"  relay 
rack  panel  or  any  site  chassis  up 
to  13"xl7".  Price.  $4.95. 


Precision  Instrument  Dials.  A 
4-page  bulletin  (Form  No.  1-745- 
2M)  from  American  Dial  Co.,  Inc., 
(450  West  45th  St.,  New  York  19, 
N.  Y.)  contains  many  illustrations 
and  descriptive  data  of  precision 
instrument  dials  which  have  been 
produced  by  means  of  an  optically- 
recording  instrument  which  utilizes 
a  combination  of  optical  and  electro¬ 
mechanical  principles.  Dial  gradu¬ 
ations  are  available  in  any  dimen¬ 
sion  from  three  microns  (0.000120 
in.)  in  width  for  microscopic  dials 
up  to  any  desired  size  to  meet 


THE 
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ELECTffi^AL  METj^SJull 
AIRCRAFT  AND  IPOtfAflt 


Instrument  Division 

250  DODGE  AVE.,  EAST  HAVEN  12,  CONN- 
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ELECTRICAL 

REACTANCE 

CORPORATION 
^f^ANKLINVILLE,  N.  Y. 


Versatile  is  the  word  for  Atlas 
Sound’s  latest  creation  the  DR-12  Little 
Giant  (Bell  diameter  7  in.  Overall  length  7V2 
in.)  Its  construction  gives  equally  gratifying  service 
when  used  for  marine  application,  factory,  police  and 
other  communications  ...  a  design  that  has  proven 
itself  more  than  equal  to  War’s  rigorous  demands. 

Write  for  detailed  description 


Die  cut  metal  stampings  in  limited  quantities  can  be  produced  to 
your  special  requirements  at  15%  to  20%  of  the  cost  of  permanent 
type  tools.  No  matter  how  small  your  quantity  requirements  or  how 
intricate  your  work,  we  can  show  you  a  definite  saving.  During  our 
twenty-three  years  of  specialized  experience  in  this  service,  there  has 
been  no  other  method  of  producing  metal  stampings  in  small  lots  that 
can  equal  the  process  originated  by  Dayton  Rogers. 

Our  new,  illustrated  booklet  ^176-17  will  give  you  full  particulars. 

DAYTON  ROGERS  MFG.  CO  ■  MlmiMpolft,  MImmsoHi 
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TRANSFORMERS 

mimR 

ELECTRONIC 

APPLICATIONS! 


•  Designed  to  meet  your  speci¬ 
fications,  mechanically  and 
electronically. 


1' 

- -  1 

1 

THE  ACME  ELECTRIC  &  MFC.  CO. 

CUBA,  N.Y. 


VloMno 


commercial  requirements.  Any  in¬ 
dicated  wave  forms  (sine,  square 
top,  or  saw-tooth  waves)  can  be 
recorded  to  any  frequency  as  close 
as  1  cycle  apart  and  of  any  desired 
amplitude.  Dials  can  be  produced 
on  any  metal  or  plastic  material, 
complete  and  ready  for  installation. 


Industrial  Tube  Manual.  A  new 
412-page  technical  manual  on  elec¬ 
tronic  tubes,  prepared  by  General 
Electric  Company’s  Tube  Division, 
is  available  from  GE  at  a  cost  of 
$2.00.  The  manual  is  intended  to 
serve  as  a  guide  in  selecting  tubes 
for  industrial  applications.  Popu¬ 
lar  applications  of  ignitrons,  photo¬ 
tubes,  thyratrons,  phanotrons  and 
other  tube  types  are  given  in  the 
manual,  which  is  illustrated  with 
photographs,  outline  drawings  and 
performance  curves.  The  manual 
has  an  expander-type  binder  and 
provision  has  been  made  by  GE 
to  supply  purchasers  with  new  data 
as  prepared  for  the  manual  from 
time  to  time  for  a  nominal  annual 
charge  of  $1.00.  Electronics  Dept., 
267-122  at  Schenectady,  N.  Y. 


CANCER  TREATMENT 


Million-volt  x-roy  provides  therapeutic 
radiotion  for  treatment  of  cancer, 
tumors  and  other  malignant  diseases 
responsible  for  half  the  deaths  in  Sur¬ 
gical  Service,  Army  Medical  Center, 
Wedter  Reed  General  Hospital.  One  of 
four  supervolt  therapy  units  installed  in 
the  country,  its  design  Is  based  on 
General  Electric  Industrial  x-ray  fc.' 
examining  thick  metal  castings  (see 
ELECTRONICS,  Dec.  '44,  p  128;  June, 
'45,  p  122) 


GOULD-MOODY 

yntfin/ovecL 

Professional  Quality 


ALUMINUM 
INSTANTANEOUS 
RECORDING  BLANKS 


Technological  advancements 
brought  about  by  our  wartime 
assignments  provide  critical  en¬ 
gineers  with  "Black  Seal"  blanks 
of  improved  cutting  and  repro¬ 
duction  qualities  plus  more 
satisfactory  play-back  life. 


Rapid  Deliveries  fo 

Broadcasting  Stations 
Recording  Studios 
Motion  Picture  Sound  Studios 
Schoois  and  Coiieges 
Governmentai  Agencies 


Old  Aluminum  Blanka  Beeoated  with 
"Slack  Seal”  Formula  on  Short  Notice 


395  BROADWAY.  NEW  YORK  13,  N 
Cable  Address:  Recordisc,  New  York.  N. 
Export  Dept:  Royal  Nalionol  CorTtpony,  1"^ 
e  89  Broad  Street.  New  York 
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I  SPEAKER  BUYS! 

'  4*  PM  square . $1.9$ 

4'  450  oUiu,  »uare. . .  ^  .40 

i  6' PM  2  watt .  I.as 

'  5' 450  ohm .  1.90 

10*  PM  11  watt .  7.20 

12' PM  15  watt . 10.14 

12*  PM  17  watt'. . 14.29 


THE  CONNECTICUT  CABLE  CORPORATION 
'7t<m  i*t  'Pe<iceti»He 
'P%odc(cti&t€ 

OFFERS  TO  THEIR  OLD  AND  NEW  CUSTOMERS 

PROMPT  DELIVERY 

OF  ALL  TYPES  OF 

Set^ 

Manufactured  to  commercial  specifications 
or  customer's  individual  requirements. 

•  EXTENSION  CORDS  •  LAMP  CORDS 

•  HEATER  CORDS  •  RADIO  CORDS 

•  HARNESSES  •  CUSTOM  MOLDED  SETS 

All  wires  engineered  ond  manufactured  in  our  own  plant.  Our 
prices  are  truly  competitive.  We  solicit  your  inquiries 
regardless  of  quantity. 


SPRAGUE  -  CORNELL  DUBILIEE 
AEROVOX  CONDENSERS 

takUtSOv  Upright  can.  76^  V 

UB)fd4S0vUprightcan1.12  Aga 

10Bfd450Tl^ghtcan1.29 
1  aifd  450v  Tubular  . .  44d  lAL 

Itaifd 450v Tubular  . .  49 d  •- 

10  mfd  150v  Tubular  . .  44d 
lO-lOmfd  150vTubular.74d 
1420  mfd  ISOv  Tubular.  92d  ‘  i  wK 

^mfd  150vTubular.79d 
1430  mfd  150v  Tubular. 94d  ' — 


RADIART  VIBRATORS 

E;'  iCv  Typ*  leiMi  iMh 

I  *•* 

t'  e.^WlL  -  8300  294  2.0* 

T  6326P  509P  1.7* 

'  ’  5334.  868  2.0* 

6341M  901M  1.7* 

<■  .  6400  248  9.90 

Ik  ^  5426  716  9.90 

order  OTHERS  BY  MAKE  AND  SET  MODEL 


^  PHILCO  BEAM  OP  LIGHT 

"•ban  Cdl  only,  no  bolder . 1 .90 


depoait  required  on  all  C.O.D.  ordera.  2% 
■•■•Pwtatlon  allowanee  on  ordera  of  $25.00  or 
****  accompanied  by  payment  in  full. 


Writ*  Hr 
ran  CATALO* 
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M22  2.94  L40  2.99  LP6  4.70 

. 2.97,  9.90,  9.90 

. 9.17,  9.99 


ornAii. 

"nun.. 
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THE  CONNECTICUT  CABLE  CORPORATION 

JEWETT  CITY  o  CONNECTICUT 


KnUlU  SUPPLY  & 
engineering  CO.Jnt. 

127  SEIDEN  AVE.  DETROIT  1.  MICH. 


VvsR’ : 


Spencer  Microscopes  bring  new  precision 
to  the  drill  press 


TRIPLETT 


with  tubea. 


17  Watt 

90.90 

25  Watt 

42.60 

35  Watt 
94.40 

50  Watt 


TURNER  MICROPHONES  V 

MaM  Typ«  C«r4  Iwvwl 

loch  ll 

BX  Crystal  7' 

•99 

$9.99  tv 

tlX  Crystal  7' 

•92 

10.99  i 

tax  Crystal  20' 

•92 

19.29  : 

■D  Dynamic  7' 

•92 

9.99  1 

HD  Dynam.  20' 

•94 

14.70 

With  miniature  drills  as  small  as  .0040" 
in  diameter,  the  operator  produces  Diesel 
engine  injection  spray  tips  with  openings 
barely  visible  to  the  naked  eye,  yet  held 
to  remarkably  close  tolerances. 

To  meet  the  need  for  such  precise  drill¬ 
ing,  National  Jet  Company  manufactures 
these  small  drills  and  is  now  supplying  a 
precision  drilling  machine  equipped  with 
a  Spencer  Stereoscopic  Microscope  through 
which  the  operation  can  be  observed. 


He  guides  a 

"NEEDLE” 

into 

STEEL 


To  other  manufacturers  whose  plans  call 
for  optical  parts  or  complete  instruments, 
we  offer  extensive  research  and  manu¬ 
facturing  facilities,  plus  many  years  of 
experience  in  building  fine  Spencer  scien¬ 
tific  instalments. 

American  ^  Optical 

CO  M  rA  N  v 

Scientific  Instrument  Division 
Buffalo  II,  New  York 


jJelen/i/lc 


NEW  BOOKS 


X  FOR  CAPACmeS  UP  TO  SEVERAL 
r  THOUSAND  VOLTS  AC,  GRAYHILL  ROTO- 
SWITCHES  OFFER  A  NEW  VERSATIUTY  EQUAL 
TO  PRACTICALLY  ANY  SPECIAL  CIRCUIT  COM 
i  BINATION.  SUBMIT  YOUR  PROBLEM  TO 

OUR  ENGINEERING  DEPARTMENT.  J 


Electromagnetic  Engineering 

By  Ronold  W.  P.  King,  Cruft  Labor, 
atory.  Harvard  University.  McGraw. 
Hill  Book  Co.,  Inc.,  New  York,  N,  Y. 
1945,  580  pages,  $6.00. 

First  op  a  series  of  three  text¬ 
books  written  for  advanced  under¬ 
graduate  or  graduate  study,  this 
work  lays  the  foundation  for  wave 
propagation  problems  to  be  consid¬ 
ered  in  following,  as  yet  unpub¬ 
lished,  works.  The  author  should 
be  familiar  to  technical  readers 
through  his  papers  on  wave  guides 
and  antennas  in  engineering  society 
journals. 

The  approach  is  highly  analytical, 
beginning  with  a  mathematical 
description  of  matter  and  space, 
considering  field  and  force  equa¬ 
tions,  reviewing  the  development  of 
electromagnetic  wave  analysis  in  a 
logical  rather  than  historic  order, 
and  concluding  with  internal  im¬ 
pedance  (skin  effect)  and  general 
circuit  properties. 

To  read  this  work  unaided,  the 
engineer  needs  a  firm  background 
of  modern  physical  theory  and  com¬ 
plex  and  vector  calculus,  as  well  as 
the  usual  physics  and  mathematics 
of  undergraduate  level. 

This  work  is  indicative  of  the 
growth  of  engineering.  Five  years 
ago  the  material  of  this  book  would 
have  been  contained  in  two  physics 
texts  which  would  have  been  looked 
upon  as  scholarly  works  of  but  aca¬ 
demic  interest.  Today  the  material 
is  presented  as  a  single-volume  en¬ 
gineering  text.  The  extension  from 
the  field  of  physics  to  that  of  engi¬ 
neering  is  in  large  measure  due  to 
the  author’s  preparation  of  the  an¬ 
alytical  approach  so  that  it  is  avail¬ 
able  to  engineers.  The  content  is 
what  one  must  know  to  design  uhf 
equipment. — F.R. 


b  Nertli  rMloski  Read 
Ckieaqe  ^4  llliaolt 


ob\®  %  o». 


Electrical  Coils  and 
Conductors 

Herbert  Bristol  Dwight.  McGraie- 
Hill  Book  Co.,  New  York  18,  N.  f-. 
351  pages,  $5.00. 

The  design  of  coils  and  conductors 
as  they  are  used  in  electrical  ma¬ 
chinery  and  power  distribution  is 
based  on  a  consideration  of 
interrelated  factors.  The  evalua¬ 
tion  of  each  factor  in  itself  depends 
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Teach  yourself 

MATHEMATICS 

for  big 

new  jobs  in  k  mTHEs, 
radio 
television 

Here’s  the  manual  which  i' 

can  make  you  master  of 
mathematics,  from  arith-  tj::;rr£i; 

metic  to  calculus,  used_  in 
radio  and  communication 
engineering.  Especially  ar*  ^B 

ranged  for  home  study, 
the  hook  gives  all  the 
mathematics  you  need, 
from  basic  fundamentals 
to  more  detailed  concepts — to  help  you  get 
ahead  in  radio,  television,  frequency  modu¬ 
lation,  radar  development. 

Just  Published! 

APPLIED 

MATHEMATICS 

For  Radio  and  Communication 
Engineers 

By  CARL  E.  SMITH 

Aulattnt  Clil«r,  Operational  Hesearcb  Uranch,  Offlce  of 
tbe  Chief  Slinial  Ofllcer,  War  Department:  Development 
and  Itraeareli  Knt;iiieer  (on  leave).  United  Broadcasting 
Co.,  Cleveland. 

336  pages,  SVd  x  SVd,  $3.50 

You  will  And  It  easy  to  learn  by  yourself 
through  this  method  of  presentation.  Useful 
design  equations  are  solved  in  the  text,  and 
150  exercise  problems  help  you  build  a  sure 
working  knowledge  of  each  subject.  There  is 
a  simplifled  treatment  of  calculus  and  the  last 
chapter  on  series  and  wave  forms  meets  the 
modern  trends  to  frequency  modulation,  tele¬ 
vision  and  radar  development.  An  unusually 
full  ap|>endix  of  useful  charts  and  tables  con¬ 
tains  all  necessary  reference  material. 


CHAPTERS 

Arithmetic  Quadratl 

loiarlthins  H>perbol 

Algebra  DilTerent 

Geometry  Ing  A1 

Trigonometry  DilTerent 

Vector  Addition  ing  Tr 

Complex  Quantities  tions 

Curves  and  Graphs  Integral 

Simultaneous  Equations  Series  ai 


Quadratic  Equations 
Hv-perbolle  Trigonometry 
DilTerential  Calculus  Treat¬ 
ing  Algebraic  Functions 
DilTerential  Calculus  Treat¬ 
ing  Transcendental  Func¬ 
tions 

Integral  Calculus 
Series  and  Wave  Forms 


Iseludet  97  figures,  20  tablet  and  charts.  The  presenta- 
tien  hat  been  streamlined  to  include  only  the  subject  mat¬ 
ter  siott  useful  in  the  field  of  radio  and  communication 
•siinterlng. 

See  it  10  days— Send  coupon 


McGraw-Hill  Book  Co.,  330  W,  42nd  8t.,  N.Y.C.  IS 

me  Smith’s  Applied  Mathematics  for  Radio  and 
t^munlcatlon  Engineers  for  10  days  examination  on 
•PWoval.  in  10  days  I  will  send  $3.50,  plus  few  cents 
miage,  or  return  book  imstpaid  (Postage  paid  on  cash 
woeri, ) 


City  and  state. 

Company . 

•’"•Won  ... 


Jll  I  MfTAL  STAMPINGS,  INC. 

AN  AFFILIATE  OF  THE  FRED  COAT  CO.,  INC 

314  DEAN  STREET,  BROOKLYN  17,  N.  Y. 


CENTRIFUGAL 

BLOWERS 
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MR.  RADIOMAN:  You  Can  Use 
These  "Tools"  To  Build  a  Better  Job 
and  a  Secure  Career  in  RADIO-ELEC¬ 
TRONICS 

CREI  Home-Study  Training  in  Practicai 
Radio-Eiectronics  Engineering  Combined 
With  Your  Own  Experience  Assures  You 
Job  Security  and  an  interesting,  Profit- 
abie  Career 

What’s  ahead  for  you  in  the  field  of  Radio 
Electronics?  One  thing  is  certain.  Now 
that  peace  is  here,  Radio-Electronics  will 
surge  forth  as  one  of  America’s  foremost 
industries,  offering  promising  careers  lor 
radiomen  with  modern  technical  training. 

NOW  is  the  time  to  take  the  time  to  pre¬ 
pare  yourself  for  these  important,  career 
jobs  in  radio-electronics  engineering.  CREI 
can  show  you  the  way  by  providing  you  with 
the  “tools”  to  build  a  firm  foundation  of 
ability  based  on  a  planned  program  of  tech¬ 
nical  training.  In  our  proved  home-study 
course,  you  learn  not  only  how  .  .  .  but  why! 
Easy-to-read-and-understand  lessons  are  pro¬ 
vided  you  well  in  advance,  and  each  student 
has  his  personal  instructor  who  corrects, 
criticizes  and  offers  suggestions  on  each 
lesson  examination.  This  is  the  successful 
CREI  method  of  training  for  which  more 
tlian  10,000  professional  radiomen  have  en¬ 
rolled  since  1927. 

Your  ability  to  solve  tough  problems  on 
paper  and  then  follow-up  with  the  neces¬ 
sary  mechanical  operation,  is  a  true  indica¬ 
tion  that  you  have  the  confidence  born  of 
knowledge  .  .  .  confidence  in  your  ability  to 
1=  get  and  hold  an  important  job  with  a  se- 
j  cure,  promising  post-war  future.  Investigate 
now  the  CREI  home-study  course  best  suited 
to  your  needs,  and  prepare  for  security  and 
happiness  in  the  New  World  of  Electronics! 
Write  for  all  the  facts  now. 

•  WRITE  FOR  NEW,  FREE'  36-PAQE  BOOKLET 

If  you  have  had  profeisional  or 
amateur  radio  experience  and  want 
to  make  more  money — let  ut  prove 
to  you  we  have  eomething  you  need 
to  qualify  for  a  better  radio  Job. 

To  help  ut  answer  intelligently  your 
inquiry  —  PLEASE  STATE 
BRIEFLY  YOUR  BACKGROUND 
'  OF  EXPERIENCE.  EDUCATION 
AND  PRESENT  POSITION. 

CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

Dapt.  E-IO,  3224  —  16th  Street.  N.  W. 
WASHINGTON  10,  D.  C. 

I  Contractors  to  U.  S.  Navy — U.  S.  Coast  Guard 
I  i  — Canadian  Broadcasting  Corp.  Producers  of 
;  Weli-trained  Technicai  Radiomen  for  industry 

;  Member:  National  Council  of  Technical  Schools 


upon  many  variables.  In  this  book,  1 
the  author  has  isolated  the  factors  | 
and  analyzes  each  one  individually.  ; 
He  assumes  that  the  reader  is  an  , 
electrical  engineer  with  a  broad  and  j 
detailed  knowledge  of  the  equip-  ^ 
ment  and  apparatus  used  to  gener¬ 
ate  and  distribute  electrical  power.  '  | 

To  comprehend  and  interpret  the  i 
subject  matter,  which  consists  , 
mostly  of  formulas  complemented 
with  a  brief  concise  statement  of 
their  derivation,  an  electrical  engi¬ 
neer  should  be  well  versed  in  the 
methods  of  analytical  calculus  and 
have  some  acquaintance  with  higher 
mathematical  functions. 

The  formulas  presented  have 
many  practical  applications,  but 
few  of  the  specific  applications  are 
discussed  in  detail.  The  formulas 
cover  the  calculations  necessary  for 
evaluating  reactance,  eddy  current 
loss,  skin  effect,  inductance,  and  j 
magnetic  field  strength  of  coils  and  | 
conductors  that  carry  electrical 
current. 

One  long  chapter  is  devoted  to 
formulas  for  inverse  functions  of  : 
complex  quantities  that  are  used  in  ; 
several  branches  of  electrical  engi-  ; 
neering,  such  as  in  calculations  for 
transmission  and  communication 
circuits. 

Chapters  dealing  with  trans- 


MICROSECOND  X-RAY 


X-roy  exposures  short  enough  to  catch 
I  the  action  oi  a  bullet  traveling  down  a 
gun  barrel  are  produced  by  this  West- 
inghouse  tube.  The  600  million  watts 
for  the  exposures  are  delivered  irom 
six  capacitors  of  the  siuge  generator 
behind  the  tube 
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MAimNS  INSTRUMENT  CO.,  INC. 

id  tLe  groove  and  read^  to  ^of 

We  have  helped  Uncle  Sam  and  now 
We  would  like  to  help  you 

SAVE  MANUFACTURING  COSTS 
SPEED  UP  PRODUCTION  AND 
YOUR  PLANS  FOR  POST  WAR  WORK 

These  are  some  of  the  fields  in  which  we  have 
experience  and  production  facilities 

•  WIRING  INSTRUMENTS  •  WINDING  ARMATURE 

•  CABLES  •  FILTER  COILS 

•  SWITCHBOARDS  •  RADIOS 

Machine  Shop  and  Drafting  Room  Time  Available  to  Create  and 
Develop  Your  Mechanical  and  Electrical  Idean. 

MARTINS  INSTRUMENT  CO..  INC.  316  37th  St.,  Brooklyn  17,  New  York 


SEAL 


INVESTIGATE  THIS  "ENGINEERED  ”  SEAL 
USED  IN  MANY  ELECTRONIC  DEVICES 

WRITE  AND  TELL  US  SOUR  REmREMENTS 


"Sealol'*  is  doing  a  vital  job  in  the  Eioctronic  Industry  sealing  liquids 
and  gases  under  pressure  or  vacuum  with  the  utmost  dependability.  Balanced  Pressure 
lecture  controls  seal  face  pressure  for  minimum  friction  loss.  "Sealol''  is  available  in 
"•any  constructions  for  efficient  sealing  under  a  wide  range  of  conditions.  Bulletin 


on  request. 


SEALOL  CORPORATION 

45  WILLARD  AVENUE,  PROVIDENCE  5,  R.  I. 

Baltimore  •  Chicago  •  Cleveland  ♦  Detroit  •  Los  Angeles  •  New  York 
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FREE! 

NEW  11th  EDITION 

The  only  official 
Radio  and  Elect ronic 
equipment  source-book 


Tells  you: 


WHAT 

the  product  does,  its  specifications,  com¬ 
parable  and  competing  items  .  .  .  Thou¬ 
sands  of  illustrations... Data  covers  90% 
of  ali  products  in  the  industry,  each  item 
indexed  and  cross  indexed. 

WHO 

makes  it.  Directory  of  manufacturers  al¬ 
phabetically  listed,  with  page  numbers 
for  instant  reference. 

HOW  MUCH 

Prices  on  thousands  of  items,  all  clearly 
catalogued  for  easy  buying. 

WHERE 

you  con  get  it.  Your  nearest  sources  that 
can  supply  your  radio  and  electronic  re¬ 
quirements.  Saves  time  .  .  .  Eliminates 
bulky  files. 


Distributors 
from  coast  to 
coast  have  just 
bought  quanti* 
ties  of  ttis  800 
Page,  hard 'Cov¬ 
ered  encyciope- 
dia  ready  for  free 
distribution. 


If  you  ore  on  Engineer  or  Porchosing 
Agent  WRITE  FOR  FREE  COPY  NOW 

Write  us  on  your  company  letterhead 
and  we'll  put  you  in  touch  with  the 
jobber  nearest  you  who  has  your  FREE 
Copy.  No  obligations. 

Address  Dept.  FEP 

UNITED  CATALOG 

PUBLISHERS.  INC. 

110  Lafoyotte  St.,  New  York  13,  N  Y. 


HEXACON 

ELECTRIC 

SOLDERING 

IRONS 


..tagged  for 
the  big  jobs! 


HIGH  QUALITY,  LONG  LASTING  SOLDERING  IRONS 


Follow  the  leaders — and 
use  HEXACONI  For  rugged, 
heavy  duty  work  or  for  light  in* 
tricote  work  .  .  .  here's  the  an¬ 
swer.  One  reason  is  “Balanced 
Heat”— dissipating  excessive  ele- 
mdnt-impairing  heat— and  mini¬ 
mizing  element  burn-outs  and  tip 
replacements.  Another  is  their 
lightweight,  literature  is  avail¬ 
able  describing  the  complete 
HEXACON  line  of  screw  tip  and 
plug  tip  irons  from  40  to  700 
watts,  and  with  tip  diameters 
ranging  from  %"  to  1%” 

HEXACON  ELEaRIC  CO. 

130  W.Cloy  Ave..  Roselle  Pork.N.J. 


EXACT  Q  VALUES: 

PreeUlon  menufeeture  attures 
exact  Q  values.  Resultlne  uni¬ 
form  tuning  and  gain  helps 
speed  equipment  production. 

THREADED  ROD  AMD 
INSERTS: 

These  are  incorporated  where 
required,  and  MOLDITE'8  ex- 
elusive  feature  for  retaining 
screw  concentricity  Is  widely 
recognized. 

SIZES  AND  SHAPES: 

Screw  cores,  cup  cores,  tuning 
slugs  are  produced  in  any  da- 
sired  type,  with  uniform  quality 
and  accuracy. 

FREQUENCIES: 

Iron  ceres  manufactured  to  meet 
your  specifications  In  high, 
medium  or  low  frequencies. 

ECONOMY: 

New  MOLOITE  formulae  allow 
the  substitution  of  low  cost 
powders,  which  usually  repro¬ 
duce  the  performance  of  more 
expensive  powders. 


MOLOITE  Iron  cores  are  manu¬ 
factured  to  lit  any  coil  requiro- 
menls.  Your  inquiriee  and  or¬ 
ders  will  be  given  our  prompt, 
oMcient  attention. 


NATIONAL  MOLOITE  COMPANY  j 

25  MONTGOMERY  STREET,  HILLSIDE  5,  NEW  JERSEY^^ 


former  design  problems  include  for¬ 
mulas  for  determining  reactance 
in  concentric  core- type  transform¬ 
ers  and  those  having  interleaved 
components,  cross-section  of  cores 
and  operation  of  delta  and  V  banks. 
Other  chapters  deal  with  the  re¬ 
actance  of  overhead  stranded  con¬ 
ductors  at  wide  spacing,  round 
tubes,  square  tubular  busbars,  and 
rectangular  or  strap  conductors 
such  as  are  used  to  carry  heavy 
alternating  currents  in  busbars  on 
switchboards  and  in  the  supply  cir¬ 
cuits  of  electric  furnaces.  Formu¬ 
las  are  presented  for  the  calcula¬ 
tion  of  eddy-current  loss  in  trans¬ 
former  windings,  armature  coils, 
and  in  round  wire. 

The  section  on  heat  transfer  cov¬ 
ers  calculations  for  conduction  of 
heat,  thermal  resistivity,  radiation 
and  convection  of  heat  in  trans¬ 
formers  and  built-up  busbars. 

Other  chapters  present  methods 
for  determining:  The  proximity 
effect  in  a  return  circuit  of  two  ad¬ 
jacent  strap  conductors,  in  wires, 
and  in  thin  tubes  and  sheaths;  the 
mutual  inductance  of  fine  wire  cir¬ 
cles,  coaxial  solenoids  in  air,  two 
adjacent  thin  disk  coils  in  air,  and 
coils  with  parallel  axes;  the  self¬ 
inductance  of  circular  coils  without 
iron;  the  magnetic  field  strength 
near  a  cylindrical  coil  in  air;  the 
force  between  coaxial  coils  without 
iron,  between  coils  with  parallel 
axes,  and  between  cylindrical  trans¬ 
former  coils ;  the  magnetic  force  on 
disconnecting  switches;  the  repul¬ 
sion  between  strap  conductors;  the 
resistance  to  ground  for  conductors 
of  different  types;  and  the  sag  in 
transmission-line  conductors. 

Numerous  footnotes  throughout 
the  text  refer  the  reader  to  engi¬ 
neering  society  papers  and  technical 
articles  that  deal  with  the  subject 
under  discussion. — J.K. 

•  •  • 

Applied  Mathematics  for 
Radio  and  Communication 
Engineers 

By  Carl  E.  Smith,  President  (w 
leave  to  the  War  Department),  Smith 
Practical  Radio  Institute.  McGravh- 
Hill  Book  Co.,  Inc.,  New  York, 
pages,  $S.50. 

The  refresher  course  for  home 
study  covered  by  this  text  begin* 
with  arithmetic  and  progresa** 
through  algebra,  geometry,  tri^ 
nometry  into  complex  quantitie* 
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ONICS 


SCREW 

MACHINE 

PARTS 


AHENTION 

MANUFACTURERS! 


We  are  distributors  to  the  radio,  elec¬ 
tronic  and  electrical  trade  as  well  as 
manufacturers  of  cord  sets,  cables  and 
other  wire  products. 

We  are  desirous  of  obtaining  addi¬ 
tional  lines  in 

PLUGS  —  SOCKETS 
SWITCHES  —  CAPS 
RADIO  and  ELECTRICAL 
ACCESSORIES 

and  OTHER  WIRE  PRODUCTS 

us  a  distributor  or  as  representatives. 

We  prefer  to  stock  the  items  in  Chicago.  We 
have  extensive  facilities  and  experience  men 
in  the  field  and  can  create  and  handle  a 
large  volume  of  business. 

Refereitces  Furnished 
ADVISE  AT  ONCE 


ICOLUMBIA  WIRE  &  SUPPLY  CO. 

4110  N.  PULASKI  ROAD 
CHICAGO  41,  ILLINOIS 


•  excieUttf  tteedd  f 

Facilities  for  the  rapid  pradutlion  of  all 
of  screw  machine  metal  parts— ta 
(Im  tolerance  speciffcations— are  available 
Industry.  OKE  equipment  includes  a 
**nery  of  Brown  B  Sharpe  aulematic  screw 
"•echines.  power  presses,  drill  presses. 

turret  lathes,  and  modem  machine 
*mIs  for  all  other  phases  of  finishing. 
^Mllty  of  work  It  uniformly  high,  with 
porticulor  emphasis  on  low  unit  cost^^ 


THE  ENGINEERING  CO. 

DANIEL  KONDAKJIAN 

37  WRIGHT  ST.,  NEWARK,  N.  J. 


PAR-METAL  ...  a  .specialized  manufacturing 
plant  employing  modern  high-speed  methods. 
Nevertheless,  Par-Metal  products  have  a  defi¬ 
nite  quality  of  Craftsmanship — a  "handmade" 
quality  born  of  genuine  skill  and  long 
experience.  Write  for  Catalogue. 

PAR-METAL  PRODUCTS  CORPORATION 

32-62  — 49th  STREET  .  .  .  LONG  ISLAND  CITY.  N.  Y. 


?ASJAm 


Serving  the 
Electronics 
Field 

Exclusively 

liport  D«pt 
100  Voricli  it  ,  NYC 


Draftsmen  Wanted 

Also 

Designers,  Detailers,  Tracers 
and  Engineers 

We  are  one  of  the  largest  manufacturers  of  a  wide  variety  of 
communication  and  electronic  equipment  in  the  world,  fully  pre¬ 
pared  and  ready  to  go  ahead  with  a  very  ambitious,  expansion  ^ 
program  as  quickly  as  we  are  permitted.  There  will  be  unlimited 
possibilities  for  creative,  ambitious  men  to  advance  to  key  posi¬ 
tions  both  in  research  development  ond  production  field.  At 
present,  we  are  producing  vital  equipment  for  our  fighting  forces. 

Good  Starting  Sofarfes— Exeepflonaffy  fine  working  conditions 


Apply 


Office  8  A.  M.  to  S  P.  M. 


FEDERAL  TELEPHONE  &  RADIO  CORP. 

The  Mfg.  ooit  of  the  intornotloaal  Tol.  &  Tol.  Cerp. 

591  Broad  St.,  Newark,  N.  J. 

W  M  C  RmIos  Observed 
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5UPRFME 


Supreme  Instruments 
V.  5.  A. 


Cfetn%c€>od^  Miss. 


and  advanced  algebra,  and  con¬ 
cludes  with  chapters  on  differential 
and  integral  calculus.  The  concisely 
presented  material  is  readily 
grasped  by  those  reading  the  book 
as  a  review.  However,  to  the  read¬ 
ers  covering  the  material  for  the 
first  time,  essential  points  are  not 
brought  out  with  sufficient  force  to 
be  readily  appreciated.  (It  is  in¬ 
tended  that  the  book  be  used  in 
connection  with  a  correspondence 
school.)  Answers  to  the  many  prob¬ 
lems  are  included. 

Illustrative  mathematical  solu¬ 
tions  are  well  explained.  The  book 
has  a  good  index — indexing  makes 
or  breaks  technical  books.  Although 
the  contents  is  solely  mathemati¬ 
cal,  the  author  makes  it  clear  to 
readers  why  particular  mathemati¬ 
cal  knowledge  is  presented,  and 
why  it  will  be  useful  to  readers. 
For  example:  In  introducing  Chap¬ 
ter  11  on  hyperbolic  trigonometry 
the  author  observes  that  “Since 
traveling  waves  on  a  transmission 
line  are  very  conveniently  expressed 
in  terms  of  hyperbolic  functions, 
this  chapter  will  be  devoted  to  the 
mathematics  of  these  functions.” 

On  pages  87-89  there  is  developed 
a  slide  rule  solution  for  right  tri¬ 
angles,  unfamiliar  to  this  reviewer. 


I  bellowed 


I  might  as  well  use  a 
wooden  spoon! 


We  know  how  it  is,  Tom. 
Blurs  and  uneven  lines  and 
headaches.  What  to  do? 
Use  Typhonite  Eldorado. 
How  that  pencil  can  drawl 
Crisp,  sharp,  dense  lines — 
brilliant  and  true. 


No  feathering  or  crum¬ 
bling  in  the  softer  degrees; 
no  grit  in  the  harder  de¬ 
grees.  And  get  this,  Tom — 
Eldorado  is  dependably 
uniform  in  all  degrees.  A 
2H  is  a  2H  today,  tomor¬ 
row  and  always! 


•  Simple  Operation  —  all 
ranges  read  on  two  basic 
scales. 

•  Dual  Tuning  Ratio.  One 
for  speed — one  for  vernier 
adjustments. 

•  Electron  coupled  circuit 
giving  greatest  stability. 
Iron  core  coils. 

•  Ladder  Attenuator. 

•  Double  shielding  minimizes 
leakage. 

•  Golden  Oak  carrying  case. 

SPiCIFICATIONS 

R'F.  RANGES: 

65-205  KC;20S-650KC: 

650-2050  KC.  2050-6500  KC; 

6.5-20.5  MC.  Harmonics  to 
82  Megacycles. 
audio  FREQUENCY: 

400  cycles  available  for  eiternai 
testing. 

INTERNAL  MODULATION: 

R.F.  Carrier  modulated  at  approii- 
mately  30%  and  70%  at  400  cycles. 
Modulation  level  selected  by  tog* 
gle  switch. 

EXTERNAL  MODULATION: 

Jack  provided  for  eiternal  audio 
modulation. 

ACCURACY:  . 

•/i  of  IV,  on  first  three  bands.  1% 
on  last  two  bands. 

SIZE: 

9.1/2'  >8-1  l/l6"»7.3/8'‘ 

POWER  SUPPLY: 

115  volts  60  cycles — Special  volt* 


TUBE  CHARACTERISTICS 


Eldorado  is  a  sweet  pen¬ 
cil.  And  the  best  test  is  to 
try  it  So  send  for  a  free 
Comparison  Sample  noui. 
Request  it  on  your  business 
or  professional  stationery, 
specifying  degree. 


Electron  tube  charocterlstics  are  deter¬ 
mined  by  cathode-ray  tube  tracing 
apparatus.  Curves  are  scanned  in  rapid 
succession  and  photographically  re¬ 
corded  directly  from  the  cothode-roy 
tube  screen.  Developed  by  Sylvonia 
research  engineers  to  supply  design 
data  for  radar  and  high  frequency 
communications,  the  equipment  will  be 
used  to  ossure  closer  tube  production 
control 


ag«  and  fraqutney  on  rtquait, 


ELDORADO 


Pencil  Sales  Dept,  59-JlO 
JOSEPH  DKON  CRUCIBLE  CO.,  Jersey  City  3,  N.  J 
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AUTO  ENGRAVER  CO. 

1176  BROADWAY.  NEW  YORK  19 


ELECTRONIC  USE 


THE 

AMERICAN  PLATINUM 
WORKS 

N  J.  8.  t.  AVE.  AT  OUVlt  ST. 
NEWARK  5,  N.  J. 


DUPLICATING  and  PROFILING 


Accurate  Engraving 
with  Unskilled  Operators 

Unskilled  operators  will  profile  or  accurately 
reproduce  in  smooth  lines  any  design,  num¬ 
ber,  letter,  emblem,  signature;  on  iron,  brass, 
copper,  aluminum,  soft  steels  and  all  plasties. 
Hara  are  some  of  its  other  uses  .  .  . 
e  Drills  a  series  of  holes,  or  profiles  small 
parts 

e  Cuts  an  even  channel  for  wiring  on  panels. 

Increases  accuracy  and  production, 
e  Works  from  original  drawing  or  templates, 
e  Etches  glass  and  similar  items, 
e  Will  not  cause  distortion. 

For  complete  Information  on  this  and  other 
models  and  prices  write  Dept.  K. 


Electronic  Engineering  can  supply-NOW- 
transformers  in  standard  or  special  styles  in 

Because  there  have  been  no  conversion 
■  problems  at  Electronic  Engineering,  we  are 

now  producing  and  delivering  the  finest 
transformers  with  the  same  speed  and  skill 
OS  during  the  war.  We  are  ready  to  serve 
yK  yoAjr  needs  .  .  .  with  one  million  or  one! 

CNOINEEIS 

P^223-9  WEST  ARMITAGE  AVE.  •  CHICAGO  47,  ILIINOIS 


Now  . . . 

the  basic  principles  of  electric  circuits 
applying  to  all  fields  of  specialization- 
electric  power-communications 
-electronics 


ITue  this  book  to  aaaist  you  in  utilizing  latest  developmenta  that  influence 
practice  in  your  field — as  a  baaic  reference  of  material  for  your  daily 
working  needs  in  all  branches  of  electrical  engineering  over  a  wide 
lunge  of  frequency.  Simple,  concise  explanations,  many  diagrams  and 
numerical  examples,  numerous  tables  and  charts  supply  quick,  depend¬ 
able  reference  material  on  resistance  networks,  impedance  networks, 
nonsinusoidal  waves,  polyphase  networks  and  transients. 

The  book  builds  up  basic  electrical  principles  applicable  in  ail  the 
special  fields,  taking  into  account  new  developments  in  electricity  which 
tend  to  overlap  from  one  field  of  specialization  into  another. 


WIRE  •  SHEET  •  TUBING 
SILVER  BRAZING  ALLOYS  &  FLUXES 


Just 

Published! 

ELEMENTARY  ELEaRIC-CIRCUIT  THEORY 


WIRE  .  RIBBON  •  FOIL 
SEAAALESS  TUBING 


This  book  gives  you  a  broad  view  of  the  utili¬ 
zation  of  electrical  energy  in  various  parts  of 
the  frequency  spectrum  on  which  to  build 
your  study  of  recent  progress  in  electricity. 
The  book  includes  physical  and  idealized  con¬ 
cepts  of  the  electric  circuit,  principal  electric- 
circuit  diagrams  and  letter  symbols,  applica¬ 
tion  of  electric-circuit  laws  to  solution  of 
resistance  networks,  explanation  of  the  use 
of  complex  algebra  in  electric-circuit  analy¬ 
sis  and  computation,  basic  relations  of 
three-phase  networks  and  analysis  of  two-, 
four-  and  six-phase,  systems,  etc.,  etc.  2«i8 
diagrams  and  charts,  13  useful  tables,  supple¬ 
ment  the  text 

CONTENTS 

1.  Electrle-eircult  Dsflnl-  Appendix:  Tsbiei  and 

tlone  and  Concept*  Chart* 

2.  Re*i*tanca  Network*  Table* 

fLMcTpU*'"'-''"''  Skin-etrect  Ratio. 

4.  U**  of  Complex  Alpe-  Capacltle. 

bra  Phyeleal  Capaeitie* 

5.  Impedance  Network*  Trlponometrlc  Func- 

6.  Non*lnu*oldal  Wave*  tion* 

7.  Polypha*e  Network*  Natural  Loiarlthms, 

8.  Trandent*  Exponential. 


By  RICHARD  H.  FRAZIER 

Associate  Professor  of  Klectrlcal  KnglneeriiiK, 
Massachusetts  Institute  of  Ttchnniogy 

434  pages,  S'/a  x  S'A,  $4.00 

Kxaiiiiue  tliis  iiook  10  days  on  approval,  niitiiix  dia- 
grams  and  cliarts.  handy,  lucid  explanations, 
practical  treatment  of  electrical  principles. 


WE  INVITE  INQUIRIES  RE¬ 
GARDING  ALL  APPLICATIONS 
OF  PRECIOUS  METALS  TO 
ELECTRONIC  PRODUCTS. 


PRECIOUS 

mitais 


SEE  IT  10  DAYS  ON  TRIAL 


McGraw-Hill  Book  Co..  330  W.  42  St.,  N.Y.C.  18 

Send  me  Vrazler’s  Elementary  Klectrlc-CIrcult 
Theory  for  lu  days'  examination  on  approval.  In 
10  days  1  will  send  $4.0u  plus  few  cents  postage 
or  return  Iviok  pr)stpald  (Postage  paid  on  cash 
orders. ) 

Name  . 

.tddress  . 

CUy  and  State 

Company  . 

Position  . L  10-45 
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FM  and  AM 

FREQUENCY 

MONITORS 


Direct  reading.  No  charts  or  com¬ 
plicated  calculations  necessary. 
Models  available  for  110  volt  A.C 
or  battery  operated  portable  use. 
Meet  FCC  requirements. 


LAVI 


jtmive  \ 


Stre 


NHlric  ttr 


Lfll  Factor 


M  iFtcific 


(from 
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DISTORTION 

METER 


Direct  reading  device  which  indi¬ 
cates  as  a  percentage  of  the  funda¬ 
mental  frequency,  the  square  root 
of  the  sum  of  the  squares  of  the 
harmonic  components.  It  is  used 
for  audio  frequency  measurements 
in  any  audio  device  in  the  usual 
range  of  voice  or  musical  notes 
from  1 50  to  1 5,000  cycles. 

•  Utilize  the  many  advantages  of 
these  units  now.  They  are  sturdily 
built,  self-contained,  moderately 
priced.  Remember  . . .  equipment 
pioneered  by  DOOLITTLE  years 
ago,  still  serves  efficiently  today! 

SEND  FOR  FULL  DETAILS 


BUILDERS  OF  PRECISION 
RADIO  EQUIPMENT 


WORCESTER,  MASSACHUSETTS 


No. 


1-52 

SPINTITE  SET. 

Chuck  Type  Handle  with 
Reamawl,  3  Screw  Drivers, 
7  SPINTITES,  Insulated 
Neutralizing  Alignment 
Wrench,  and  2  Pliers,  all 
in  a  Leatherette  Roll.  .  .  . 
A  Positive  need  in  every 
RADIO,  HOME  and 
ELECTRICAL  SHOP. 
A  Fascinating,  Fast-Moving 
Item  for  thousands  of  stores. 
Your  good  johher  has  it... 

Stnd  (or  CaUlq9  No.  WALDEN 


141  pictunn9  »  full  line 
of  Automobile.  Aircreft 
end  Redio  Tools. 


468  SHREWSBURY  STREET 


UHF  Radio  Simplified 


TOOLS 


which  reduces  the  laborious  squar¬ 
ing  and  square-rooting  to  a  sur¬ 
prising  minimum. 

The  symbol  used  for  factorial  in 
this  book  is  not  the  preferred  !  but 
[_,  which  can  be  mistaken  for  the 
angle  sign  and  on  page  176  in  Eq. 
(9)  has  been  printed  as  an  angle 
sign  Z. 

There  is  an  appendix  of  some  100 
pages  which,  while  useful,  dupli¬ 
cates  in  abbreviated  form  the  con¬ 
tents  of  the  several  books  of  tables 
and  equations  that  should  form  a 
part  of  every  engineer’s  reference 
library. — F.R. 


By  Milton  S.  Kiver.  D.  Van  Nos  fraud 
Co.,  Inc.  New  York,  238  pages,  $3.25. 

With  radio  having  only  one  direc¬ 
tion  in  which  to  expand  further —  | 
up  into  the  higher  frequencies — a  | 
knowledge  of  the  logical  relations 
between  familiar  low-frequency 
equipment  and  the  new  microwave 
plumbing,  uhf  tubes,  and  uhf  radi¬ 
ators  becomes  highly  essential  to¬ 
day  for  those  who  follow  the  radio 
field  either  as  a  hobby  or  as  their 
profession.  In  plain,  understand¬ 
able  words  without  complex  theory 
and  math,  the  author  achieves  his 
goal  of  bringing  his  readers  up  to 
date  on  the  basic  principles  in¬ 
volved  in  generating,  transmitting, 
and  radiating  at  frequencies  in  the 
range  of  300  to  3,000  megacycles 
and  higher.  Concurrently  the  book 
also  gives  a  real  measure  of  famil¬ 
iarity  with  the  component  parts 
used  at  these  frequencies,  making 
it  of  particular  value  for  classroom 
use. 

The  author  makes  the  initial  tran¬ 
sition  from  the  low  frequencies  to 
the  ultrahighs  by  explaining  the 
use  of  Lecher  wire  systems  and  con¬ 
centric  cables  as  tuning  circuits, 
then  describing  the  first  attempts 
by  Barkhausen  and  Kurz  to  put 
transit  time  to  work  in  tubes.  This 
introduction  paves  the  way  for 
chapters  on  the  magnetrons  and 
klystrons,  followed  by  a  chapter  on 
use  of  transmission  lines  as  induc¬ 
tances,  capacitances,  tuned  circuits, 
and  matching  stubs. 

Chapter  5  tells  how  empty  pipes 
become  power  conductors  and  ex¬ 
plains  how  radio  waves  travel  in 
guides.  The  nomenclature  of  waves 
in  guides  is  clearly  presented,  with 


RADIO,  INC. 
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"ALNICO" 

PERMANENT  MAGNETS 

Specializing  in  the  production  of  highest  quality 
Alnico  Magnets  in  all  grades  including  new  triple 
strength  No.  5. 

Production  material  checked  to  assure  highest 
uniform  quality  of  product. 

Castings  made  to  customer's  special  order  on 
the  basis  of  sketches  or  blueprints  furnished. 

Information  and  suggestions  furnished  on  request. 

GENERAL  MAGNETIC 

CORPORATION 

MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  ALLOYS 
2126  E.  Fort  Street  •  Detroit  7,  Michigan 


MIDOET 

TYPE 

600 


labs 


tech 


Midgal  modal 
it  atpaciolly  da> 
tignad  for  crowd- 
ad  opporotui  or 
porta  bla  aquip- 
t. 


•  Solid  tilvor  contacts  and  stalnloss  tilvor 
alloy  wipor  arms. 


•  Rotor  hub  pinnod  to  shaft  provonts  un- 
authorlsod  tamporing  and  hoops  wipor 
arms  in  porfoct  adjustmont. 


•  Can  bo  fumishod  in  any  practical 
impodanco  and  db.  loss  por  stop  upon 
roquost. 


STANDARD 

TYPE 

700 


•  TECH  LABS  can  furnish  o  unit  for  ovory 
purpose. 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  •  JERSEY  CITY  7  N.  J. 


STEATITE 

CERAMIC 


ProPtHies  and  Characferisfles  of  Our 
UkVITE  SI -5  Steatite  Ceramic  Body 

tMnuiv*  Strength  . 96.000  lb*,  per  square  inch 

rTu  strength  .  7.200  lbs.  per  square  inch 

r-Ml  Strength  . lO.SOO  lb*,  per  square  inch 

Mtst  e<  Kupture  . 20.000  lbs.  per  squaie  inch 

ItMtric  Strength . 23S  volts  per  mil 

leiAic  Constant  . ®  I  Frequency  of 

.•.446  5  »  megacycle 

M  Gravity . 2.0640^0 

•ggilw  (from  above  gravity).  •  .  .0.096  Ibt  per  cubic  inch 

Mim  (Mohr  ecale) . .  . 

MMiRO  Temperature  . 2.39n^F. 

Uiir  Ceo^iont  of  Kxpanaion . 8.13x10— f 

iHture  Abtorption  (ASTM  0ell6e42'A) . O.OOeOp 

fikcn  of  elearical  and  radio  apparatus  destined 
fv  Wit  service  are  finding^  in  LAVITE  the  pre- 
(k  qualities  called  for  in  their  specifications 
. ,  .  high  compressive  and  dielectric  strength, 
|ga  moisture  absorption  and  resistance  to  rot, 
had,  acids,  and  high  heat.  The  exceedingly  low 
km-factot  of  LAVITE  plus  its  excellent  worka- 
bdiiT  makes  it  ideal  for  all  high  frequency 

qipliations. 

We  will  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MFG.  COMPANY 


Main  Office  a  Works.  Chattanooga,  Tenn. 
Needhom,  Moss.  CKicaqo  Los  Angeles 


ELECTRONICS 

Opportunity  offered  to 
manufacturers  interested  in 
production  of  extremely  ac¬ 
curate,  high-speed  dynamic 
halanciiig  machine  for  rota¬ 
ting  parts  involving  princi-  | 
pally  electronic  equipment; 
covered  by  basic  patent  and 
proved  in  operation  with  im¬ 
portant  U.S.  manufacturers; 
to  negotiate  for  manufactur- 
mg  rights  or  exclusive  license 
or  purchasing  U.S.  patent 
horn  reliable  well-known 
o^fners.  Write: 

I 

BO-916,  Electronics  | 

530  W.  42nd  St..  New  York  1 8.  N.  Y.  I 


•  Writa  for  bulUtin  No.  431. 
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STANDARD  SIGNAL  GENERATOR  Model  80 


SPECIFICATIONS: 


many  diagrams  to  illustrate  diffe 
ent  types  of  guides  and  excitii 
methods. 

The  last  four  chapters  cover  ca 
ity  resonators,  uhf  antennas  ar 
reflectors,  uhf  measurements,  an 
wave  propagation  through  spaci 
with  well-prepared  diagrams  adi 
ing  materially  to  the  value  of  th 
text  in  every  instance. 

All  in  all,,  this  book  is  as  interest 
ing  as  it  is  educational,  and  its  nir, 
chapters  lend  themselves  admirabi 
to  a  chapter,  a  day  of  home  stud 
Test  questions  are  grouped  at  tb 
end  of  the  book  for  those  who  wis 
to  check  their  mastery  of  the  mat^ 
rial  and  for  instructors  using  thi 
book  in  classes. — j.m. 


CARRIER  FREQUENCY  RANGE:  2  to  400  megacycles. 

OUTPUT:  0.1  to  100,000  microvolts.  50  ohms  output  impedance. 
MODULATION:  AM  0  to  30%  at  400  or  1000  cycles  internal. 

Jock  for  external  audio  modulation. 

Video  modulation  jack  for  connection  of  external  pulse  generator. 

POWER  SUPPLY:  117  volts,  50-60  cycles. 

DIMENSIONS:  Width  19",  Height  10%",  Depth  9'/s". 

WEIGHT:  Approximately  35  lbs.  PRICE — $465.00  f.o.b.  Boonton. 

Suitable  connection  cables  and  matching  pads  can  be  supplied  on  order. 


Elementary  Electric- 
Circuit  Theory 


By  Richard  H,  Frazier,  Mantoeh 
setts  Institute  of  Technology.  M' 
Graw-Hill  Book  Co.,  Inc.,  New  Yor- 
N.  Y.,  1945,  414  pages,  $4.00. 


FREE  DATA  FOLDER! 


A  BROAD  VIEWPOINT  of  lumped  m 
stant  circuits  is  taken  in  this 
written  for  a  first  course  in  circuit- 
On  page  16  the  author  concise!; 
states  his  approach:  "Often  hot: 


i 


HERMETICALLY-SEALED  MULTIPLE 
HEADERS  AND  TERMINALS... 


KEEPS  PIPE  OPEN 


custom  built  sealed  leads  and  multiple  headers.  Break¬ 
down  voltages,  high  voltage,  skirted  units  are  in¬ 
cluded.  E-l  components  can  be  furnished  on  short 
notice--  often  in  quantity  direct  from  stock.  Write  for 
your  copy  of  this  new  folder  today.  No-  obligation 


Types  .  .  .  sizes  .  .  .  stand¬ 
ard  and  custom  designs  . . . 
matorlal  .  .  ,  construction 
.  .  .  features  .  .  .  voltage 
ratings  .  .  dimensional 
data  and  coding  system 


ELECTRICAL  INDUSTRIES  •  INC 

42  SUMMER  AVENUE,  NEWARK  4,  N.  J. 


iNSTRUrAENT 

housings 


•  panels 


•  CHASSIS 
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STAMFORD  METAl  SPECIALTY  CO.,  428  BROADWAY,  N.Y.13 
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Filaments,  cmodes,  supports, 
springs,  etc.  for  electronic  tubes. 
Small  wire  and  flat  metal  formed 
parts  to  your  prints  for  your  assem¬ 
blies.  LUXON  fishing  tackle  acces¬ 
sories,  double  pointed  pins,  fine  sizes 
wire  straightened.  Inquiries  will  re¬ 
ceive  prompt  attention. 


ART  WIRE  AND 
STAMPING  CO. 

gh  St.  Newark  2.  N.  J. 


,„ced  fobricotion  ono  ocp 
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ODE  RAY  TUBE 

NNECTORS 

1 

'  W 

1 

'FS 

-111 

1 


Also  continuous 

cabinet  models  for 

prints  up  to  42"  wide,  any  lenytr 
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THE  VICTOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVELAND  3,  OHIO 


the  power  engineer  and  the  com¬ 
munications  engineer  tend  to  con¬ 
fine  themselves  too  narrowly  to 
their  respective  divisions  of  the 
field,  with  the  result  that  interre¬ 
lated  problems  may  not  be  ade¬ 
quately  handled  by  either.” 

The  work  is  self-contained.  It 
begins  with  definitions  and  con¬ 
cepts  of  electric  circuits,  takes  up 
methods  of  circuit  analysis  using 
resistive  networks  as  examples,  in¬ 
troduces  a-c  concepts  and  the  cor¬ 
responding  complex  algebra  for 
handling  them,  discusses  nonsin- 
usoidal  waves  and  polyphase  net¬ 
works,  and  concludes  with  trans¬ 
ients. 

The  book  is  intended  as  a  text  for 
electrical  engineers  who  have  com¬ 
pleted  fundamental  physics  and 
mathematics  courses.  Rather  than 
separating  the  class  into  power  and 
communication  majors  when  they 
begin  studying  circuits,  the  in¬ 
structor  can  hold  it  together  by  the 
approach  of  this  text.  For  example, 
in  discussing  nonsinusoidal  waves, 
waves  encountered  both  in  power 
and  in  communication  circuits  are 
used  as  illustrations  and  problems 
for  Fourier  series  and  graphical 
analysis. 

The  author  has  interspersed  the 
text  with  non-technical  observa¬ 
tions  which  aid  in  orienting  student 
engineers  to  their  technical  studies. 
As  an  illustration,  on  page  2  the  au¬ 
thor  observes  that  ‘‘The  engineer 
should  be  skilled  in  leading  a  dou¬ 
ble  life — one  in  the  concrete  world 
of  physical  apparatus  and  one  in  the 
abstract  world  of  ideas — and  in  in¬ 
terpreting  each  realm  in  terms  of 
the  other.” 

Brief  introductory  paragraphs 
which  orient  readers  at  the  begin¬ 
ning  of  each  chapter  are  useful. 
The  quantity  of  condensed  techni¬ 
cal  information  in  this  book  cannot 
be  presented  without  giving,  before¬ 
hand,  an  indication  of  where  the 
student  is  being  led.  Until  he  sees 
his  goal,  he  cannot  follow.  In  short, 
it  is  a  technical  book  written  by  a 
pedagogue,  which  is  unusual ! 

More  books  of  this  sort  will  be 
written.  It  coordinates.  The  wealth 
of  information  and  technique  that 
engineers  must  acquire  today  can¬ 
not  be  learned  without  such  books. 
It  is  indicative  of  the  contemporary 
trend  away  from  limited  specializa¬ 
tion,  toward  broad  coordination. 
— F.R. 
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your  own  office  or  plant,  you  « 
always  have  plenty  of  copies  of  os 
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Free  copy  of  this 
informative  book  mOjK 

.fils  how  APECO 
Photocopying  can  serve  yov 

See  how  you  can  save  time,  money, 
and  assure  accuracy  with  this  most 
method  of  copying.  APfCO'i  20-psp.  W 
illustrated  book  gives  you  the  story  ol 
copying — shows  graphically  the  wdk^ 
“how”  of  this  amazingly  simple  pro«^ 
Yours  without  obligation.  Write, 

AMERICAN  PHOTOCOPY 

2849  N.  Clark  St,  Dept.  AGIOS 
Representatives  in  principal  cities 


1,000,000  Megohms 


Actual  size 


October  1945 


-80®  F,  to  +256®  F.  ^ 
ajlirii  c|iciti0«>  Floifieons  ore 
|if»  not  ^"voltofle  der0te44^>-t 


With  If »•  thou 


///I \\^ 

H  • 

On  future  peace-time 
production,  Radex  will 
uphold  its  M'ar-won  re¬ 
putation  by  the  scope 
and  caliber  of  its  ser^ 
vice  to  the  radio  and 
electrical  industries. 


I  33  W.  Jackson  Blvd.,  Chicago  4,  III. 


KIRKLAND  Pioneer 

INDICATING  LAMPS 


FOR  VSE  WHERE  QUALITY  COUNTS 


(I)  #659  D/E  De- 
Luxa-Unit  of  Su> 
parlor  Datign  & 
Construction 


This  Heavy-Duty  Unit,  extremely  shallow 
•0  depth,  extends  but  1%"  behind  the  front 
ol  the  panel.  Single  hole  mounted  in  a  U/s" 
diameter  hole.  Hexagon  holding  lip  Vt" 
thickness.  Molded  bakelite  socket  for  use 
with  S6  Tungsten  and  TdVi  Neon  bulbs. 
Its  heavy-walled  glass  lens  is  securely  held 
«  a  Krew  type  lens-cap.  The  bulb  is  easily 
wtnoved  from  the  front  without  a  tool.  List 
Pf'ce.  $2.20  (less  bulb). 


(1)  Typical  Lamp 
Aanunciator 
latlly  mada 
Kirk- 
Bulls- 1- 
U"hs. 

make  up  your  own  lamp 
annunciators— EASILY 

Kirkland  Units  provide  a  simple,  practical 
®<*ns  of  making  high  quality  Lamp  An- 
^aators.  Simply  provide  proper  holes  in 
w  panel  and  insert  units,  locking  them  in 
connea  to  the  wiring  and  the  An- 
wwciator  is  in  service, 

^*fkland  catalog  sent  promptly  on  re- 
lueii,  mil  Prove  helpful.  Write  for  it. 

^1.  R.  KIRKLAND  CO.,  Morristown,  N.  J. 
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Quadriga  Quality  V^ashers 

Spacial,  Flat,  Taniion  and  Spring,  Formad  and  Drawn,  Cuppad 
and  Finishing,  Wira  Tarminali,  ate.  Any  quantity.  Prompt 
dalivary.  Also  SMALL  STAMPINSS,  any  dasign.  Sand  spaci- 
fications  for  quotations. 

Ask  for  Quadriga  Catalog 

Photos  show  samplas  of  Quadriga  supariorlty.  j 
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Muniifartiirers  of  Transformers 
Rerortlers  •  Equalizers  •  Full 


NEW  YOKE  10.  A.  Y. 

Reactors  •  Stmnd  Systems 
Coaxial  Transmission  Lines 


•  Special  Coils 
anfie  Phonograph 


Backtalk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 

which  ELECTRONICS 

has  published. 


BUD  Radio  and  Electronic  Products  brings  you  new 
developments  in  design  and  performance.  For  example, 
BUD  Streamlined  Relay  Racks  are  mode  with 

(1)  Additional  louvres  at  the  top— front  and 
bock— 

(2)  More  complete  louvre  construction  on  all 
three  sides— 

to  provide  maximum  ventilation.  These  added  features 
together  with  the  new  reinforced  construction  illustrated 
below,  make  BUD  Relay  Racks  "fops"  for  performance, 
utility  and  beauty. 


Hartley  Law 

Dear  Mr.  Henney: 

Your  comments  in  “Cross  Talk" 
in  the  June  issue  of  Electronics 
concerning  the  band  width  of  fre¬ 
quency  necessary  for  the  transmis¬ 
sion  of  intelligence  are  very  timely. 

I  have  reason  to  believe  this  con¬ 
cept  was  well  known  previously  to 
its  formulation  by  Dr.  Hartley  in 
1927. 

I  recall  hearing  a  presentation  by 
Dr.  Alexanderson  of  General  Elec¬ 
tric  on  the  results  of  his  high-fre¬ 
quency  alternator  at  the  summer 
convention  of  AIEE  in  Swampscott, 
Mass.  This  must  have  been  in  1921 
or  1922.  In  the  course  of  his  re¬ 
marks,  Dr.  Alexanderson  noted  that 
the  transmission  band  width  of  the 
transmitter  and  receiver  required 
to  be  increased  in  exact  proportion 
to  the  increase  in  keying  frequency, 
and  furthermore  stated  that  this  re¬ 
quirement  necessarily  proportion- 
.ately  reduced  the  total  number  of 
available  channels  in  any  given  por¬ 
tion  of  the  spectrum. 

His  explanation  was  so  clear  that 
I  still  remember  it  vividly,  although 
I  was  only  14  or  15  years  old  at  the 
time.  Anything  which  can  be  ex¬ 
plained  satisfactorily  to  a  young¬ 
ster  is  undoubtedly  pretty  well  un¬ 
derstood  by  the  teacher.  Therefore, 
I  would  like  to  nominate  Dr.  Alex¬ 
anderson  as  the  proponent  of  the 
law  of  the  relationship  of  informa¬ 
tion,  time,  and  band  width. 

Lovett  Garceau 

Director,  Electro-Medical  Lahoratorn,^- 
Jlolliston,  Jf«‘ 

Research  indicates  that  a  joint 
meeting  of  AIEE  and  IRE  was  held 
in  New  York  City  in  October  1919 
at  which  Dr.  Alexanderson  had  a 
paper,  Transoceanic  Radio  Com¬ 
munication,  which  discussed  one 
application  of  the  Hartley  Law.  Id 

this-  paper  Dr.  Alexanderson 

pointed  out  that  the  higher  the 
speed  of  sending,  the  greater  muDt 
be  the  separation  required  betwe® 
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Electronic  Communication  Components 


nas  oeen  supplying  close  tolerance  electronic  com¬ 
munication  components,  and  complete  audio  frequency  ampli¬ 
fiers  to  discriminating  users.  The  intensive  engineering  and 
development  work,  resulting  in  the  high  standard  of  NORCO 
products,  has  been  intensified  by  rigid 
wartime  demands.  Whatever  your  needs, 
^  '  you  can  depend  on  NORCO  as  a  depend- 

'  able  source  of  supply  for  your  present  or 

^  TjL  future  requirements. 


TRANSFORMERS 


SPECIAL 

COILS 


COAXIAL  TRANSMISSION 
LINES  AND  FiniNGS 


STAR^Makes  More 
Than  Jusf  STEATITE 

Find  Out  N  ow  About 

STAR 

CERAMICS 

There  are  many  kinds  for 
special  uses,  such  as  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  are  more  than 
a  score  of  formulas  in  actual 
production  at  one  time  in  our 
factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts"  It  is  right  to  the  point. 

★ 

Jhe  STAR 

PORCELAIN  CO. 

Electronics  Dept. 

Trenton  9,  N.  J. 


What  Makes  a 
Mailing  Gttck? 


AdTtitUing  men  agree  .  .  .  the  Uet 
la  aMre  than  halt  the  atwr. 
Nearaw.HlU  Moiling  Uata,  used  by 
leading  monuiacturera  ond  Indus* 
trial  service  organisations,  diroot 
your  odvertiaing  and  soles  promo¬ 
tional  eiiorts  to  key  purchasing 
power. 

Is  view  oi  present  day  diiSeuUise 
is  maintaining  your  own  mdlng 
hats,  this  eifieient  personalsod 
sorviee  is  porticularly  important  la 
•soaring  the  somprehonsive  moxhol 
oevorage  you  need  ond  want.  la- 
▼eetigate  today. 


Mraw-Hill  Publishing  Ct.,  Inc. 

DIBECT  mail  DIVIUM 
WWsltdtnd  Street.  New  York,  11,  N.  Y. 


It's  'Shur'  to  complete  your  merchandising 
program  ...  to  complete  your  sales  story 
...  to  help  your  fronchise  family  SELL!  It's 
the  ONLY  versatile  Antenna  Mount  now  avail¬ 
able  whose  unique  construction  enobles  it  to 
support  standord  FM  and  Television  Antenno 
anywhere— anchoring  'SHUR-LY'  AT  ANY 
ANGLE  ANY  PLACE  on  cmy  house!  Avoiloble 
and  ready  now  for  a  limited  number  of  monu- 
focturers.  Complete  your  oerial  kit  with  a 
SHUR  ANTENNA  MOUNTl 

NOW!  A  complefm  package  laeorpo- 
rating  the  revolutionary  new  INTER¬ 
CEPTOR*  Antenna  with  ALL  tunable 
factors  easily  adjustoblel  Ask  about 

It! 


—  AnteHHa  —  'TKMHt,  V*tc. 


NEW  YORK  CITY 
Cooper-DiBlasi 
259  W.  14th  St. 
W Atkins  9-3920 


Sea  Cliff,  Long  Island 
New  York,  U.  S.  A. 


CLEVELAND 
E.  /.  Wall 
1836  Euclid  Ave. 
CHerry  5464 


BITTERMANN  ELECTRIC  CO. 

SO  Henry  St.  Brooklyn,  N.  Y. 
TRIasgle  S-47A7 

"It  It's  a  COlL-Ws’ll  Moke  ft" 


Hcmd'Wound  coils,  of  cmy  mcrtericd 
or  construction,  delivered  promptly. 
Thousands — small  nms — or  experi¬ 
mental.  Best  material — good  work¬ 
manship.  Send  prints  or  specifica¬ 
tions  for  quotation.  State  delivery 
requirements. 


PERMANENT  MAGNETS 

All  Shapts— All  Sins— hr  All  Parposcs 

COB  AIT-CHRO  MI-TUNGSTEN 

Stamped,  formed  and  cast 

A  t  M  a  A  I  Sintered  \ 

Ain  ICO  \a»der  O.  E.  License) 

Also:  Laminations  for  Radio  Tronsformors 

TOOLS-DIES-STAMPINGS 

Heat  Treating  ef  Metala  end  Alleys 

THOMAS  &  SKINNER  "'roM'rSSr"* 


1116  lAST  2SRD  STRUT 


INDIANAPOLIS  S,  INDIANA 
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Mighty  Small 


But  What  a  Big  Job  They  Do! 

Etcd  though  their  size  is  dwarfed,  there  is  no  similar  shrinkage  in  the  quality 
of  these  "Unbrako"  Socket  Set  Screws.  The  same  strength,  hardness,  and 
accuracy  that  ore  characteristic  of  "Unbrako"  Screw  Products  will  be  found 
in  these  tiny  and  efficient  counterparts.  The  "Unbrako"  hex  socket  fits  ito 
wrench  occurately  and  securely  and  so  outlosts  many  times  over  the  old 
fashioned  screw  driver  slot  that  wears-out  emd  becomes  worse  than  useless. 
The  "Unbrako"  therefore  has  become  a  boon  to  the  Electronic  and  small 
Electrical  manufacturing  industries.  Sizes  from  #0  to  1"  diameter,  all  commer¬ 
cial  lengths. 

More  Information  about  thn  "Unbrako"  Socket  Screw 
Products  In  our  Cofalog.  Send  for  one  today. 

OVER  40  YEARS  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO. 


JENKINTOWN,  PENN.  BOX  594 
- BRANCHES - 

Boston  •  Chicago  •  Dotrolt  •  Indianapolis  •  San  Francisco  •  St.  Louis 


adjacent  channels.  In  1923  at 
Swampscott,  Dr.  Alexanderson,  A. 
E.  Reoch  and  C.  H.  Taylor  delivered 
a  paper  before  AIEE,  The  Electri¬ 
cal  Plant  of  Transocean  Radio  Tele¬ 
graph,  but  there  is  nothing  in  the 
formal  report  of  this  paper  which 
indicated  that  the  relations  between 
the  amount  of  intelligence  to  be 
transmitted  and  the  time  or  band 
width  were  discussed.  It  is  quite 
possible  that  this  is  the  convention 
which  Mr.  Garceau  remembers  and 
that  the  informal  discussion  related 
to  the  matter  at  hand. 

There  is  no  doubt  that  numerous 
pioneers  knew  and  appreciated  at 
a  relatively  early  date,  the  relation¬ 
ships  we  have  been  discussing.  As 
a  matter  of  fact,  Mr.  Hartley  him¬ 
self  knew  of  the  manner  in  which 
the  factors  are  tied  together.  Paul 
Findley  of  the  Bell  Telephone  Lab¬ 
oratories  has  found  in  the  Labor¬ 
atory  Ales  a  14-page  memo  dated 
December  9,  1918  in  which  Mr. 
Hartley  formulates  the  general  re¬ 
lationship  he  published  more  form¬ 
ally  eight  years  later. 

Perhaps  the  matter  is  like  the 
law  of  gravitation — the  effects  of 
which  were  generally  understood 
for  a  very  great  time  but  which  r^ 
mained  rather  vague  until  Newton 
•  •  • 

X-RAY  TUBE  TESTER 


STA-WARM  ELECTRIC  CO. 

1000  N.  CHESTNUT  ST.  •  RAVENNA,  OHIO 


A  2,000.000-volt  x-roy  lube  de»e!«P^ 
by  Machlett  Laboratories  and  •®®V 
the  equipment  used  in  maxing 
voltage  tests 
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Note: 

Th*  Library  compriMt 
a  lalaction  of  books 
c  u  1 1  a  d  from  leading 
McGraw  •  Hill  publica- 
fiont  in  the  radio 
fitid. 


Msaelally  selected  by  radio  specialists  of 
*  McGraw-Hill  publications 

to  sivo  most  complete,  dependable  cov- 
^  erase  of  facts  needed  by  all  whose  fields 
are  sroun^ed  on  radio  fundamentals 

I  available  at  a  special  price  and  terms 


7.11  ELKINS  STm  so.  IOSTON  27.  MASS. 

2S  jrjAkS  or  PLASTIC ,  MOLDING  iXPHIfNCB 


ASSEMBLED 


WITH  HARDWARE 

Available  in  lengths  from  I  to  20  terminals. 
2  Types:  NAS  17  and  NAS  18.  Prompt  deliveries. 


Tbeao  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
eubjects— Vive  specialized  treatments  of  all 
flelda  of  practical  design  and  application.  They 
are  books  of  recovnised  position  In  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  deslvner,  re¬ 
searcher  or  engineer  In  any  field  based  on  radio, 
you  want  these  books  for  the  help  they  give  In 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 

5  volumes.  3559  pages.  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 
Hund’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND 
book,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Bpeclal  price  under  this  offer  less  than  cost 
or  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  In  easy  Install- 
»«nts  beginning  with  $1.00  In  10  days  after 
"Celpt  of  books  and  $1.00  monthly  thereafter. 
Already  these  books  are  recognized  as  standard 
vorka  thal  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
lerms  to  add  them  to  your  library  now. 

for  10  DAYS’  EXAMINATION  SEND  THIS 
ON-APPROVAL  COUPON-——— 

Hcfiraw.HIII  Beck  Ce..  330  W.  42nd  fit.,  M.Y.C.  1$ 
fcnd  me  Radio  Enstneerini  Library  for  10  daya* 
on  approraL  In  10  daya  1  wlU  aend 
mi  ^bi  postage  and  11.00  monthly 

S*  !•  paid,  or  return  books  poctpaid.  (We 
orders  accompanied  by  remittance 
"  first  Inetallment.) 


I  l-’ltf  and  State . 

I  Company  . 

i  . . F.L  10-4$ 
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Jf^ref  erred 


as  a  source  of  pre- 
cision-made 

W  A  S  H  E  R  S  and 
STAMPINGS 
manufactured  to 
CUP  WASHERS  your  specifications, 
for  Binding  Screws 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 


INDICATOR  LAMPS 


Indicate  and  identify  circuit  operations  on  radio 
transmitters  and  electronic  devices.  Lock-on  caiio, 
available  in  five  different  colors,  cannot  shake 
loose.  Caps  and  bases  of  sturdily  constructed 
molded  plastic.  Easy  to  mount.  With  or  without 
“dim-out”  feature.  For  further  details  write 
gUdmWu  DmomUmmtl.  GmMrof  Electric,  Schuuuctorfy  5,  H.Y. 


ELECTRIC 


GENERAL 


CAPACITOR 

QUESTIONS 


Answeredfh 


ELECTROLYTIC 
CAPACITOR 

by  Alexander  M.  Ceorgiev 

Probably  no  Radio-Electronic  component  Is  more 
Important  than  the  Electrolytic  Capacitor,  and  this 
new  book  by  Alexander  M.  Georglev  who  has 
devoted  more  than  15  years  to  Capacitor  research 
and  development  answers  all  the  many  questions 
engineers,  designers,  servicemen  and  others  have 
been  asking  about  this  subject.  Abundant  data 
Is  presented  a^  to  Electrolytic  Capacitor  con¬ 
structional  features  —  where, 
when  and  how  to  use  them  WHAT  TYPE? 
to  best  advantage  In  prefer-  ^"^*  *  ”*' 

ence  to  non-electrolytic  WHY? 

types — In  short,  everything  WMPPF? 

you  need  to  know  In  order  TtfriBRBf 

to  utilize,  buy,  specify  re¬ 
place,  or  service  Capacitors  intelligently  and  effi¬ 
ciently.  A  comprehensive  bibliography  and  list  of 
patents  will  prove  of  far-reaching  value.  Contains 
over  200  pages^  and  eighty  illustrations  including 
graphs,  photomicrographs,  oscillograms,  etc.  Just 
out  In  limited  edition — the  first  modern  book  to 
be  written  on  this  vital  componenti  Order  today 
while  the  supply  lasts. 


i, 

$3.25  foreign 


ORDER  NOW ! 


Technical  Division,  MURRAY  HILL  BOOKS,  Inc. 
Dept.  E-105,  232  Madison  Ave.,  New  York  16,  N.  Y. 

Enclosed  find  $ .  for  .  copies  of 

Alexander  M.  OeorgleVs  “THE  ELECTROLYTIC 
CAPACITOR"  (Price  $3  each,  $3.25  foreign)  or 
D  send  C.O.D.  (in  U.S.A.  only)  for  this  amount 
plus  postage. 

Name  . 

•Address  . 

City  &  Diet.  No . State . 


put  the  facts  down  into  a  concise 
and  easily  understood  law. —  (Ed.) 

Dear  Mr.  Henney: 

The  proposed  Hartley  Law,  as 
stated  in  the  “Cross  Talk”  section  of 
Electronics  for  June,  1945,  un¬ 
doubtedly  applies  to  a  system 
wherein  scanninK  methods  are  em¬ 
ployed  but  does  not  neces.sarily  ap¬ 
ply  to  a  system  where  the  intelli¬ 
gence  contained  in  a  large  number 
of  elements  (such  as  the  individual 
elementary  areas  in  a  video  image) 
are  transmitted  simultaneously.  In 
the  latter  system,  the  band  width  is 
entirely  dependent  on  the  allowable 
“crowding”  of  frequencies  consis¬ 
tent  with  satisfactory  frequency 
differentiation  at  the  receiver. 

For  example,  if  frequency  is 
made  the  “tag”  for  positioning  ele¬ 
mentary  areas  in  a  video  image, 
and  assuming,  for  the  sake  of  ar¬ 
gument,  that  it  is  possible  by  spe¬ 
cial  means  to  assign  frequencies 
differing  from  each  other  by  only 
one-quarter  cycle,  it  then  becomes 
possible  to  transmit  240,000  ele¬ 
mentary  areas  simultaneously  in  a 
band  width  of  only  60  kc. 

It  is  beyond  the  scope  of  this  let¬ 
ter  to  discuss  whether  or  not  this 
is  possible,  but  I  think  you  will 
agree  that  if  such  is  possible,  the 
so-called  Hartley  Law  does  not  ap¬ 
ply  to  this  system.  It  is  impossible 
to  reduce  the  band  width  considera¬ 
tions  of  the  system  just  described 
to  a  law,  because  they  are  obviously 
based  on  experimental  factors,  such 
as  the  frequency  discrimination  pos¬ 
sible  in  practical  forms  in  crystal 
filters.  Therefore,  for  the  sake  of 
accuracy,  it  might  be  advisable  to 
call  attention  to  this  limitation. 

Palmer  H.  Craig 

Univertitv  of  Florida 
Qaineaville,  Fla. 


If  your  background  is  radio, 
examine  the  tail  side  of  the  new 
Canadian  nickel  with  a  magnify¬ 
ing  lens. 


A  “crying  room”  is  a  glass-en¬ 
closed  room  in  a  movie  theater  in 
Minneapolis.  Equipped  with  loud¬ 
speakers,  it  permits  mothers  to  see 
and  hear  the  show  without  their 
infants’  wails  being  heard  by  other 
patrons. 
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ASSOCIATED  ELECTRONICS 
CORPORATION  'SS," 

Complete  Engineering  Servue  for  all  InduttrUt 
RESEARCH  MANAGEMENT 

DEVELOPMENT  PRODUCTION 

DESIGN  PUBLICATIONS 

132  Mattau  Street,  New  York,  7,  N.  Y. 

251  Kearney  Street,  San  Francisco,  8,  Cel. 

IvIlCHAEL  BOZOIAN 

Consulting  Service  In  Electronics 
Instrumentation  &  Controls  Design — Develop¬ 
ment-Models  Literature  &  Patent  Surveys 
Recommendations  For  New  Laboratories 
Telephone  8521 

702  Fifth  Street  Ann  Arbor,  MIc*. 

1  E.  STUART  DAVIS 

Consulting  Engineer 
Research— DealKD — Development 

Radio  -  Carrier  Current  -  Supersonlcs  -  Radlint 
Energy  -  Control  and  Measurement  -  Methods  and 
Devices.  Communl(»tion  -  Transportation  &  In¬ 
dustrial  applications. 

Marine  Laboratory  facilities  aboard 
the  vacht  “ELECTRON” 

422  N.  E.  River  Drive  Ft.  Lauderdale,  Florida. 

STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL  KLECTRONICS 

DealRn — Development — Modeln 
Complete  I>aborator.v  and  Shop  Fu«-llltle» 
0300-13— 27th  Ave. 

Kenonlia,  WIs.  Telephone  2-4213 

ELECTRONIC  ENGINEERS 

Designers  and  Consultants 

Design  for  Manufacture— Radio  and  Electronic 
products  designed  to  your  speclflcatlons 
Engineering  models  Production  drawings 

Consulting — Radio  and  Electronic  Problems 
Complete  Development  and  Research  Laborateriei 
Branch  Office  Near  Chicago 

611  E.  Garfield  Ave.  Glendale,  Callfomit 

DON  FOSTER 

Engineering  Consultant 

Electrical  Specialists  In  Mechanical 

Analysis  Sound  and  Electronics  Development 

30  Burns  Ave.,  Wyoming  15,  Ohio 

PAUL  E.  ©ERST  &  CO. 

CONSULTING  ENGINEERS 
Specialiatu  In  , 

Electrical  Product  Design 

El.  Machinery,  Apparatus  A  Appllcatl(»s 

El.  Appliances,  Hl-Frequency  Apparatus 
Electronics,  Radio  Communication. 

205  W.  Waeker  Dr.  Chicago  »,  HI. 

HODGSON  &  ASSOCIATES 

Phynlca,  Mathematics,  Benearch,  Develop¬ 
ment  &  Patent  Consnltanta. 

Satisfaction  guaranteed.  Submit  your  proble* 
for  a  preliminary  survey  without  cost. 

Box  874  Shermtn  Oaks,  CilUom**^ 

JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering 

Instruments  and  Control  Oevlees 

Specialists  In  Colorimetry,  Bpectophotometry 
Industrial  Colw  Control 

Laboratory  and  Shop  Facilities  ^ 
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for  every  transformer  applicatioii 


StT 


.StfRCH  1.' 


Miniature  components  to  match  the  new 
^‘proximity  fuse"  miniature  tubes.  Output 
and  input  transformers,  and  reactors  with 
dimensions  9/16"  x  3/4"  x  5/8". 

Typical  of  the  special  units  produced  by 
UTC  is  this  high  gain,  100  cycle,  matching 
transformer.  Primary  impedance  500  ohms, 
secondary  impedance  37,500,000  ohms, 
shielding  suitable  for— 160  DB  signal  level. 

RADIO 

aRO  ADCASi- 

UTC  Spociol  Soriot  component*  cover  the 
entire  range  of  amateur  and  low  priced 
PA  requirements  .  .  .  attractively  cased 
.  .  economically  priced. 


UTC  linear  standard  transformers  are  the 
uitimate  in  high  fidelity  design  .  .  .  fre¬ 
quency  response  guaranteed  ±  1.5  DB 
20  to  20,000  cycles  .  .  .  Low  wave  form 
distortion  .  .  .  Extremely  low  hum  pickup. 
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industrial  tubes  . Cover 

Machlett  Laboratories  power  and  x-ray  types,  including  one  operating  at  two  million  volts 

lEPORT  ON  WARTIME  ELECTRONIC  DEVELOPMENTS . .  V2 

What  ELECTRONICS  has  published,  and  will  publish,  regarding  military  equipment. 

THE  LORAN  SYSTEM— PART  I .  f4 

Description  of  the  most  important  long-range  navigation  system  to  come  out  of  the  war 

NON-METALLIC  mine  detector,  by  T.  E.  Stewart .  100 

Complete  circuit,  construction  details,  and  operating  theory  of  detector  set  AN/PRS-I 

THE  SCR-584  RADAR— PART  1 .  104 

Specifications,  conical  scanning  theory,  operating  principles,  and  pulse  transmitting  system 

flOXIMITY  FUZE . . .  110 

Description  of  radio-operated  detonator  for  projectiles 

aOUND-CONTROLLED  APPROACH  FOR  AIRCRAFT,  by  Captain  C.  W.  Watson .  112 

Two  radars  and  ground-to-plane  radio  bring  pilots  down  safely  in  zero-zero  weather 

lADAR  SPECIFICATIONS  .  11* 

Constants  of  radars  declassified  by  Signal  Corps  are  tabulated  and  explained 

DIELECTRIC  HEATING  FUNDAMENTALS,  by  Donglas  Venabla .  .  120 

Basic  theory  and  application  formulas  for  industrial  heating  by  an  electric  field 

PLANE-TO-GROUND  RADIO  TELEMETERING,  by  David  W.  Moera,  Jr .  12S 

System  utilizing  radio  link  permits  reading  altimeter  from  ground 

CIYSTAL-PICKUP  COMPENSATION  CIRCUITS,  by  B.  B.  Bauer .  12B 

Requirements  and  types  of  corrective-coupling  circuits  for  crystal  pickups 

ELECTRONIC  WATTMETER,  by  L.  P.  Mailing .  133 

Elimination  of  transformers  used  in  earlier  circuit  extends  frequency  range 

INDUSTRIAL  X-RAY  TUBES,  Z.  J.  Atlee .  13* 

Survey  of  tubes  and  techniques  used  today  in  plants 

SENSITIVITY  LIMITS  IN  RADIO  MANUFACTURING,  by  A.  S.  Blatterman .  141 

Procedure  for  finding  economical  control  limits  for  receivers  coming  off  production  line 

JVO0FER-TWEETER  CROSSOVER  NETWORK,  by  Paul  W.  Klipseh .  144 

Flat  response  within  2  db  from  30  to  10,000  cps,  with  crossover  at  400  cps 

MANUFACTURE  OF  SILVERED  MICA  CAPACITORS,  by  Alan  T.  Chapman  .  14* 

New  production  techniques  conserve  mica  stocks  and  improve  quality  of  finished  units 

AITIHCIAL  ANTENNA,  by  SIdnny  Wald .  150 

Network  of  fixed  impedance  simulates  antenna  over  specified  frequency  band 

PERMEABILITY  TUNING,  by  W.  J.  PolydorofF .  .  155 

Survey  of  applications  and  analysis  of  design  factors  for  a-m,  f-m,  and  television  sets 

resistance  measurement  at  high  impulse  voltages,  by  Scott  L.  Shiv* .  15S 

A  method  of  measuring  the  effective  resistance  of  ignition  noise  suppressors 

multiple  magnetic  circuits,  by  Josnph  F.  Monildl .  1*0 

Small  magnets  in  parallel  give  higher  field  strength  than  an  equivalent  single  magnet 

resistance-capacitance  filter  chart,  by  Ernest  Frank .  1*4 

R  and  C  are  given  in  terms  of  amount  of  rejection  desired  at  a  given  frequency 

SINGLE-SIDEBAND  GENERATOR,  by  M.  A.  Hennell .  U* 

Undesired  sideband  is  balanced  out  without  use  of  filters,  for  power-line  carrier  systems 

WINDING  UNIVERSAL  COILS,  by  A.  W.  Simon .  170 

Short-cut  for  obtaining  required  self-inductance,  mutual  inductance,  and  accurate  center  tap 

electronics  directory  of  manufacturers  (betwnnn  pages  172  and  237) . D-1  ta  D-*4 

.  91  TUBES  AT  WORK  .  374  NEW  BOOKS  .  509 

I  ^  PRODUCTS  .  238  ELECTRON  ART  .  434  BACKTALX .  518 

i  "D08THIAL  CONTROL  .  314  NEWS  OF  THE  INDUSTRY  .  472  INDEX  TO  ADVERTISERS  .  528 


Editor;  DONALD  G.  FINK,  Executive  Editor;  W.  W.  MacDonald,  Managing  Editor;  John  Markus,  Associate  Editor;  VIn 
t  >  ssociofe  Editor;  Assistant  Editors — Frank  Haylock,  Frank  Rockett,  J.  M.  Heron,  M.  L.  Mattey,  and  J.  E.  Grolimund;  J.  A.  Myers, 
,  Chicago  Editor;  G.  T.  Montgomery,  Washington  Editor;  Harry  Phillips,  Art  Director 

W  MATEER,  Publisher;  J.  E.  Blackburn,  Jr.,  Director  of  Circulation,  Electronics;  Wallace  B.  Blood,  Manager 

*^ICT  MANAGERS,  D.  ;hl.  Miller,  H.  R.  Denmead,  Jr.,  New  York;  R.  H.  Flynn,  New  England;  F.  P.  Coyle,  R.  E.  Miller,  PhUedelphh; 

C.  D.  Wardner,  A.  F.  Tischer,  Chicago;  E.  J.  Smith,  Cleveland 


Contents  Copyright,  1745,  by  McGraw-Hill  Publishing  Company,  Inc.  All  Rights  Reserved 

McGRAW-HILL  PUBLISHING  COMPANY.  INCORPORATED 

JAM^  H.  McGRAW,  Founder  and  Honorary  Chairman 
PUBLICATION  OFFICE  77-127  North  Broadway.  Albany,  I.  N.  Y.,  U.  S.  A. 

EDITORIAL  AND  EXECUTIVE  OFFICES  330  West  42nd  St..  New  York  18.  N.  Y.j  U.  S.  A. 

Preiident;  Curtis  W.  MeGraw,  Senior  Viee-Preeident  and  can  eountriec.  $5.00  a  year,  $8.00  ter  twe  yeart,  $10  ter  three  years.  Canada  (Can. 

.  Vice-President  (for  business  operations);  Willard  adlan  funds  aeceeted)  $5.M  a  year.  $0.00  for  two  years.  $11.00  ter  three  yoars. 

BV7-.~”**0«nt  (for  editorial  operations);  Joseph  A.  GerardI,  Secretary;  Great  Britain  and  British  Possessions.  42  shlllinfs  for  one  year.  84  shilllnoe  far  throe 

IOnim  u"'  Director  of  Circulation.  years.  All  other  countries  $7.00  for  one  year.  $14.00  fer  three  years.  Please  Indleate 

OhSL  Vol.  18;  No.  II.  Published  monthly,  price  50c  I"**!!' 

about  iubsc^tlo*s*rtou1d*^*addrer»ed  *to  t^*!r^rira^or*(rf^^rau^-  1870.*^  BRA"NCH*’o'FnCE8rM0°N^h^jHSlean*Aw^  "chloafe'lL^IILl'NMPoet 
.^'••asd  St  w  J  i  **•  «'*«lressed  to  the  Director  of  CIreula-  street.  San  Franeisoo  4;  Aldwyeh  Honse,  Aldwyoh.  London.  W.C.  2;  Washinoton. 

■^Mss  uni.  0.  C.  4;  Philadelphia  2:  Cleveland  IS;  Detroit  20;  St.  Leals  8;  Beeten  IS;  Atlante  3. 

••r-unitsd  States  and  possessions,  Mexico,  Central  and  South  Amsrt-  Ga.;  821  So.  Hope  St..  Los  Anieles  14;  38-0  Oliver  Balldlnp,  Pittsharoh  22. 


CLOSE  STACKING 

The  Bat,  rectangular  form  permits  side*by*side 
mounting  in  minimum  sub-chassis  space. 


SELF  SUPPORTING 

Light  in  weight  —  and  with  solid,  §18  wire  leads 
—  these  capacitors  are  satisfactorily  mounted  by 
their  connecting  leads  only. 


ALL  POPULAR  RATINGS 

Capacitances  from  100  to  50,000  mrafd.;  Working 
voltages  from  200  to  1600  V.D.C. 


IMMEDIATE  AVAILABILITY 

Large-scale  production  facilities  —  for  winding, 
oil-impregnating,  assembling,  molding  and  testing 
—  assure  continuous  delivery  of  these  dependable 
capacitors. 


LOW  COST 

Comparing  favorably  in  cost  with  the  paper  tubu¬ 
lars  they  supersede,  these  non-inductive  capacitors 
offer  more  service  per  penny. 


SMALL  SIZE 

Conforming  to'  AWS  dimension  standards,  the 
cases  are  13/16"  x  13/16"  x  19/64"  (CN35)  and 
11/16"  X  29/64"  X  7/32"  (CN20). 


LONG  LIFE 


The  superior  moisture  seal  afforded  by  the  molded 
phenolic  case  guarantees  that  these  oil-impregnated 
capacitors  will  withstand  the  rigors  of  sea  shipment 
and  tropical  service. 
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